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Foreword

History of medical experience looks in two directions: in surveying
and reporting on the past it suggests, by inference and implication, the
impact that past experience will have on future practice.

This observation is dramatically illustrated by the many volumes now
published in which are recorded the activities of the Medical Department,
U.S. Army, in World War II. The stresses of global war impose extra-
ordinary responsibilities on the physicians and surgeons charged with
maintaining the combat capabilities of the Nation’s fighting men. Meeting
and discharging these responsibilities often means compressing into months
or even weeks the formulation and testing of new medical concepts involv-
ing unfamiliar or obscure medical conditions—tasks that under normal
circumstances might take years. It means, too, the opportunity to evaluate
results under unified direction and under controlled circumstances to the
ultimate benefit of all mankind; and on a scale that finds no counterpart in
civilian medical practice.

This volume is the third and last in that medical series reporting on
the experience of the U.S. Army Medical Department with internal medi-
cine in World War II. The first of the internal medicine volumes, published
in 1962, dealt with the activities of consultants in medicine in all parts of
the world. The second volume (1963) contained an account of the infectious
diseases encountered in a global war. This final volume continues the account
of infectious diseases and considers various aspects of other internal medi-
cine problems. It continues, also, the impressive account of the expansion
of our knowledge of the etiology, clinical picture, contro], and management
of a wide variety of infectious diseases, including some about which little
or nothing was known before the war. Such a disease is “Bullis Fever,” a
tickborne illness which is described in chapter V1. The account of the dis-
covery of this new disease entity, and of the clarification of its epidemiology
within a very short period of time, is a tribute to the Army medical officers
who participated in its clinical and laboratory investigation.

In the broad field of internal medicine, military medical practitioners
were provided an unparalleled opportunity to study disease and to acquire
new knowledge in a variety of climes and circumstances. In hot climates,
we had to rediscover that man has remarkable heat adaptation mechanisms
and that adherence to sound physiological principles permits him to work
hard, efficiently, and effectively in any naturally occurring hot environment.
The problem of living and working under these adverse climatic conditions
was solved at the expense of a considerable number of casualties and with
some loss of life, but the basic principles, once learned, should not be for-
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X1v FOREWORD

gotten and should form the basis for the proper handling of troops in hot
climates in future years.

During the Second World War, to the fevers and fluxes of previous
wars were added the hazards of exposure to high altitudes and the devastat-
ing effects of blast and bombs. It was, therefore, inevitable that the diseases
and disorders, which affect the stability of the circulatory system, should
have attracted particular attention and detailed study. Thus, the special
attention given to the heart and vascular system in the process of selection
of persons for military service provided an insight into the strength as well
as the weakness of our eligible population. Although this effort proved
disturbing in certain respects, it stimulated the thoughtful planning of
special studies in the fields of hypertension and of latent coronary disease.

An outstanding example of medical effort in World War 1I which had
significance both in the spheres of infectious disease and cardiovascular
physiology was the new and detailed information gained about tsutsuga-
mushi fever (scrub typhus). This acute and serious disease was widely
encountered by the Army in the Southwest Pacific Area and in Burma,
where more than 5,000 cases were reported. Three major epidemics occurred
in northern Burma and in Netherlands New Guinea in 1944, and as a
direct result of the Army experience, several concepts of the nature of this
rickettsial disease were changed. It was discovered that there were no
typical scrub typhus areas, a wider geographic distribution of the disease
was established, the etiology was confirmed, vector species were proved,
strains were isolated, a new complement fixation test was developed, and
the clinical pattern and pathological features were described.

War, with its characteristic situation changes, dramatically brings to
the forefront the environmental aspects of man’s struggle for existence.
The chapter on nutritional diseases presents a vivid description of the
progressive states of starvation following improper or inadequate food
intake, as seen in the unfortunate inmates of prisoner-of-war and concen-
tration camps during World War II. The findings, initial, intermediate,
and terminal, provided clinicians with a clear portrayal of the pathog-
nomonic symptoms of the various vitamin nutritional deficiencies, which
they could utilize in predicting the effects of various restricted diets.

Dermatological diseases, although seldom severe enough to cause death,
nevertheless are among the most common and chronic medical conditions
with which an army in the field must cope. Particularly is this true in
semitropical and tropical climates where heat and humidity favor such
diseases. Under these circumstances, crippling results requiring prolonged
hospitalization are not unusual. We are fortunate, indeed, in having a
splendid description of our experience in this regard based on the report and
recommendations of Dr. J. Gardner Hopkins, following his tremendously
helpful consultant visit to the Southwest Pacific Area for The Surgeon
General during World War 11,
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In addition to a better understanding of symptoms and complaints
referable to bodily dysfunction or defect, military physicians in World
War II learned to appreciate psychological and sociological influences upon
disease and adjustment. This experience in military medicine fostered the
growth of the psychosomatic viewpoint, so well recognized today. Although
psychosomatic concepts had some vogue before World War 11, they received
a major impetus during the war years, for here was a vast laboratory of
stress where physicians could observe firsthand the effects of mind-body
interrelationships upon symptoms, treatment, and disposition in a wide
variety of diseases and injuries.

The evolution of military medical practice, as related in this third
volume of the internal medicine series, is interesting and professionally
highly informative reading. Much of the experience was gained in remote
and unfamiliar areas of the world. It is, also, a record of achievement and
progress which is a testament to the devotion to duty and the diligence of
medical personnel, and especially to the many experienced physicians and
investigators, both military and civilian, who pursued their studies under
circumstances which were always difficult and frequently dangerous.

As with the other volumes in the history of the Medical Department,
I take great pleasure in expressing my gratitude to the many authors whose
contributions made possible this additional volume; to its editor, Dr. W.
Paul Havens, Jr.; to the Advisory Editorial Board on the History of Internal
Medicine of which Dr. Garfield G. Duncan is chairman; and to the Director
and his staff of The Historical Unit who are doing the prodigious work of
producing these volumes.

LEONARD D. HEATON,
Lieutenant General,
The Surgeon General.




Preface

This is the third volume of the history of internal medicine in World
War 11. In the preface of the first volume, which contains the reports of
the medical consultants, is recounted the story of the development of the
organization that ultimately produced the history. The early enthusiastic
efforts of Brig. Gen. Hugh J. Morgan and Cols. Walter Bauer, John S.
Hunt, and Francis R. Dieuaide to implement its writing were described.
At the suggestion of Col. Calvin H. Goddard, MC, former Director, The
Historical Unit, U.S. Army Medical Service, an Advisory Editorial Board
on the History of Internal Medicine, with Dr. Garfield G. Duncan as
Chairman, was formed in 1952. Early in 1953, an editorial office was
established at the Jefferson Medical College of Philadelphia, with Dr. W.
Paul Havens, Jr., as Editorial Director. Col. John Boyd Coates, Jr., MC
succeeded Colonel Goddard as Director of The Historical Unit.

In the preface of the second volume, which contains the clinical
descriptions of certain infectious diseases, attention is called to the fact
that World War II was the first great conflict in which fewer of our troops
died of infectious diseases than of injuries. Mention was made of the
numerous productive clinical and laboratory investigations initiated by
the Armed Forces and by the various civilian commissions working under
their aegls

chapters on subjects concerned with infectious dlseases, general medicine,
and dermatology. It is making its appearance 15 years after the formation
of the Advisory Editorial Board and 22 years after the end of World
War II. Several of those who contributed greatly to the production of
this history have died. The long lapse of time between the experiences
recounted here and their publication in this volume does not detract from
their value or interest. Although most of the information has long since
appeared in our medical journals, volume III serves to bring it together
in its proper relationship with place and time in history. Of necessity,
there is overlapping of the material contained in this book and in volume I.
However, in contrast to the more general aspects of various medical prob-
lems described by the medical consultants in the first volume, the chapters
in this book, like those in volume II, were based on the observations of
many medical officers and were written by physicians directly concerned
with the responsibilities for the care of patients and the clinical investiga-
tions of their diseases.

The editor wishes to express his sincere thanks to the medical officers
who made the material for these chapters available and to the contrib-
utors who have written them. In addition, thanks are due to Dr. Duncan
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XVIII PREFACE

and the entire Advisory Editorial Board for their constant support and
to Colonel Coates and his successors, Col. Arnold L. Ahnfeldt, MC, and
Col. Robert S. Anderson, MC, for their many courtesies and vigorous
assistance. In particular, appreciation is expressed again to Miss Eleanor
S. Cooper, whose tireless and painstaking attention to the preparation
and editing of most of these manuscripts was an invaluable aid in the
compilation of this history.

The editor and the authors are also greatly indebted to Mr. E. L.
Hamilton, Director, Medical Statistics Agency, Office of The Surgeon Gen-
eral, and Mr. A. J. McDowell, Chief, and Mr. M. C. Rossoff, Assistant
Chief, Statistical Analysis Branch, Medical Statistics Agency, who not
only provided essential data but also checked and reviewed all statistical
information contained herein.

Finally, grateful acknowledgment is made to Mrs. Rebecca L. Levine,
Chief, Editorial Section, Editorial Branch, The Historical Unit, who per-
formed the final publications editing and prepared the index for this

volume.
W. PAauL HAVENS, Jr., M.D,
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CHAPTER 1

Leishmaniasis

Harry Most, M.D.

Part I. Cutaneous Leishmaniasis

Cutaneous leishmaniasis did not constitute an important or a disab-
ling medical problem in World War II, and the effective troop strength in
the areas involved was not appreciably altered. An estimated 1,000 to
1,500 cases occurred, and all but the few reported from Latin America,
North Africa,? and Panama ? originated in stations of the Persian Gulf
Command, mainly in the vicinity of Ahvaz, Iran. In this command, the first
case was discovered in October 1943, and as a result of special attention
to the problem of cutaneous leishmaniasis, that is, by altering dispensary
officers to the appearance of the lesion and by establishing a central area
for the administration of treatment, 630 cases were reported within the
next 3 months. The peak incidence was over by 1 February 1944, and
during the next 12 months, the average number of new cases was only
28 per month ¢ (chart 1).

CLINICAL ASPECTS

In a report from the 113th General Hospital, Quarry Camp, Ahvaz,
based on an analysis of 499 cases, detailed information was furnished con-
cerning the clinical aspects of cutaneous leishmaniasis in American mili-
tary personnel.” White and Negro enlisted personnel as well as male and
female officers were involved.

Incubation Period

The incubation period for the development of cutaneous leishmaniasis,
based on human inoculation experiments with cultures or material from

1 Report, Medical Statistics Division, Office of The Surgeon General, U.S. Army, 15 Dec. 1945.

3 Kranes, A.: Leishmaniasis Among American Troops in the Mediterranean Theater of Operations.
(One case of cutaneous leishmaniasis proved by biopsy at the 17th General Hospital,) [Unpublished; official
paper.]

3 Kean, B. H.: Cutaneous Leishmaniasis on the Isthmus of Panama. Arch. Dermat. & Syph. 50: 237-238,
October 1944.

4+ (1) Essential Technical Medical Data, Persian Gulf Command, U.S. Army, for March 1944, dated
15 Apr. 1944. (2) Essential Technical Medical Data, Persian Gulf Command, U.S. Army, for December 1944,
dated 19 Jan. 1945. .

3Ball, D.,, and Ryan, R. C.: Cutaneous Leishmaniasis. Bull, U.S. Army M. Dept. No. 79, 65-78,
August 1944,
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CHART 1.—Incidence rates for cutaneous leishmaniasis in Persian Gulf Command, U.S.
Avrmy, 194345
[Rate expressed as number of cases per annum per 1,000 average strength]
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proved ulcers, is known to vary from a few weeks to 56 months.® In the
group of 499 cases just mentioned, the disease developed in one patient
within 10 days of exposure; in others, presumably infected while in India,
it developed within 3 weeks after arrival in Iran. The maximum incubation
period for the latter group, which had spent about a month in India and
about 10 days en route to Iran, would be approximately 6 weeks. Of inter-
est in regard to the prolonged incubation period in some instances was
the development of cutaneous leishmaniasis in military personnel follow-
ing their return to the United States after having served in endemic
areas.

Lesion

The characteristic lesion at onset was an indolent papule, resembling
an insect bite. At first, it was painless and did not itch. Subsequently, the
small red papule enlarged and the center developed a thin crust, becoming
slightly dimpled. Ulceration occurred in the center and formed a thick,
rough crust or scab which was difficult to remove. The ulcer, from 1 to 114

¢ Berberian, D. A.: Cutaneous Leishmaniasis (Orviental Sore); Incubation Period. Arch. Dermat. &
Syph, 50: 231-232, October 1944,
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inches in diameter, was surrounded by a raised red, firm, liplike edge.
The number of lesions ranged from 1 to 3 in 204 patients and from 4 to
29 in 193 patients. The majority of the lesions occurred on the extremities,
but the face, ears, and neck were also involved. In two patients, lesions
were present on the penis.

DIAGNOSIS

The diagnosis was established without difficulty in the majority of
patients. A stained smear of material removed from beneath the crust
provided the most valuable diagnostic information. In 387 cases, the first
smear was found to contain Leishmania tropica; in 9 cases, 2 smears were
necessary; and in 1 case, 3 smears were made before L. tropica could be
demonstrated. Fifty-three patients with a clinical diagnosis of cutaneous
leishmaniasis had two or three negative smears and were not treated.
In 49 of these patients, spontaneous healing occurred in an average time
of 7.3 weeks. It was assumed that these patients were in the healing stage
when first seen. Treatment was almost entirely carried out in dispensaries,
and those affected could perform their usual military functions. No pa-
tients were returned to the United States because of this infection, and
no patient was given a medical discharge because of it.

TREATMENT

The average age of the lesions when treatment was begun was 9.7
weeks. Sixty-five patients with one to four noninfected lesions were treated
with ethyl chloride spray every 5 days. Fifty-seven of these showed no
evidence of healing in an average of 8 weeks, and only eight patients were
cured in an average of 5.5 weeks. Only small young lesions were amenable
to freezing with ethyl chloride, and this form of treatment failed in 87.7
percent of the patients for whom it was used. Injections of acid berberine
sulfate, 1-2 cc. of a l-percent solution, were given once a week to 138
patients. After an average of 5.5 weeks, 31.8 percent of these patients
failed to respond to the treatment. The interval to cure, after treatment
with acid berberine sulfate alone, was 6.8 weeks and was 4.5 weeks after
prior failure with ethyl chloride spray.

Neostam (stibamine glucoside) was given intravenously to 221 pa-
tients of whom 155 had had no prior therapy. The others had previously
been treated without success with ethyl chloride, acid berberine sulfate,
Neostam locally, or X-ray. Cure was accomplished in all cases in 2 to 20
weeks (average 14.5). Toxic manifestations of nausea, vomiting, diarrhea,
and collapse were encountered in 5 percent of the patients who initially
received Neostam in maximum single doses of 0.2 gram. Reduction in
maximum doses to 0.15 gm. given at least 5 hours after a meal diminished
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the incidence of toxic symptoms to 0.83 percent in the last 950 injections.
The initial dose was 0.5 gm. and subsequent doses, 0.1 and 0.15 gram.
Injections of 0.15 gm. were given twice weekly and continued until cure
was accomplished. Healing began with as little as 0.7 gm. total dosage
of Neostam and was manifested by disappearance of the redness of the
lesion, by the development of a copper-colored area around the lesion, and
by the formation of new epithelium when the crust fell off. The average

amount of Neostam to accomplish cure was 1.14 grams.
Neostam (1-2 cc. of a 2-percent solution) was administered locally

at weekly intervals in 35 cases, and in 32, cures resulted in an average of
3.3 weeks, the shortest interval for cure of any group.

Of 10 patients treated locally with roentgen radiation and adequately
followed, 9 were cured in an average of 8.3 weeks after the last exposure
to X-ray therapy. The initial X-ray dose was 60 R. (roentgen), and three
subsequent doses of 75 R. were given at 4-day intervals. One patient failed
to respond to this course of treatment.

Penicillin was ineffective in one patient treated, in Panama, for
cutaneous leishmaniasis of the face. No clinical response was noted during
5 days of therapy, and apparently viable parasites were still found in the
tissues 8 days after completion of treatment.”

In summarizing the results of treatment, it appeared that ethyl chlo-
ride spray and acid berberine sulfate locally were not highly effective in
the treatment of cutaneous leishmaniasis. Neostam locally injected into
noninfected lesions cured 90 percent of them in a month. X-ray treatment
was effective in selected cases. Neostam, intravenously, was effective in
all cases but produced considerable toxicity unless the maximum dose was
not greater than 0.15 gram. Neostibosan (ethylstibamine), a’'less toxic
drug than Neostam, which can be given at short intervals (daily) in rela-
tively large amounts is more effective in the treatment of leishmaniasis.
Unfortunately, its use was not recommended in 1941,8 and although rec-
ommended for use in 1943, its designation as a standard item was not
approved until 1944,

Complications occurred in 0.7 percent of the patients with proved
cutaneous leishmaniasis and consisted of such infections as cellulitis,
lymphangitis, and thrombophlebitis. It was observed that 35 percent of
these secondary infections occurred in patients who were receiving local
injections of acid berberine sulfate. The patients with these complicating
infections were hospitalized for periods from 5 to 93 days (average 25).
Only one recurrence or reinfection was observed in the group of patients
discussed in this chapter. No deforming scars remained after treatment.

“8Snow, J. S.: The Unsuccessful Treatment of American Leishmaniasis With Penicillin; Report of
Case, Arch. Dermat. & Syph. 50: 324-825, November 1944,

8 Circular Letter No. 56, Office of The Surgeon General, War Department, 9 June 1941, subject: Notes
on the Treatment and Control of Certain Tropical Diseases.

? Circular Letter No. 33, Office of The Surgeon General, War Department, 2 Feb. 1943, subject: Treat-
ment and Control of Certain Tropical Diseases.,
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An interesting observation by local health authorities with regard to
control measures of reservoir hosts and the effect of such measures on
the rate of infection in the natives in known endemic areas was cited in
the report from the 113th General Hospital. In one such area, 60 percent
of the gerbils (burrowing rodents related to the mouse, native to Africa
and Asia) were found infected. Intensive rodent destruction with chloro-
picrin resulted in a reduction of the incidence of leishmaniasis in the
natives in the area from 70 to 0.4 percent.

Part II. Visceral Leishmaniasis

Visceral leishmaniasis, or kala-azar, was not a serious problem in
troops of the United States. In all, an estimated 50 to 75 cases occurred
in military personnel from North Africa, Sicily, southern Italy, the
Riviera, and India. The individual case, however, often posed a problem
in diagnosis to medical officers, owing chiefly to lack of prior experience.
In the United States before World War 11, cases of kala-azar were rare,
with the disease occurring in persons who had resided in India, China, or
countries bordering the Mediterranean Sea.'® Many medical officers were
unaware of the possibility of encountering kala-azar in American troops
stationed in areas where the disease was endemic. This frequently resulted
in a long delay in diagnosis and in inadequate or inappropriate treatment.

As many of these patients were hospitalized early, and for long con-
tinued periods, for unexplained chills and fever and other symptoms, and
as many patients were sent for specialized study to the Zone of Interior,
the opportunity was presented to observe the entire course of the disease
and its response to treatment. Some studies on individual cases were re-
ported.’* A group of 30 patients were admitted to the Moore General Hos-
pital, Swannanoa, N.C., for diagnosis, institution of treatment, re-treat-
ment, or observation. Clinical, biochemical, and hematological studies
were made. The observations, reported by Most and Lavietes,'? will be
summarized and discussed here, with a few case histories (pp. 42-48).
The case numbers used in the Most and Lavietes report have been retained
in this chapter.

1 (1) Price, F. L., and Myer, R. A.: Kala-azar (A Case). J.AM.A. 125: 490, 1944, (2} Munter, E. J.,
and Packchanian, A.: Two Exogenous Cases of Visceral Leishmaniasis (Kala-azar) in the United States
With Notes on Cultivation of Leishmania-Donovani in Vitro. Am. J. Trop. Med. 25: 507, November 1945,
(3) Rose, H. M.: Cold Hemagglutinins in Visceral Leishmaniasis (Kala-azar). Proc. Soc. Exper. Biol. &
Med. 58: 93, January 1945. (4) Mathieson, D. R., and Watson, B. A.: Kala-azar. J.A.M.A. 112: 309,
January 1939.

1 (1) Kaminsky, F., and Wever, G. K.: Visceral L_eishmaniasis. New York State J. Med. 46: 522-525,
1 Mar. 1946. (2) Marple, C. D.: Visceral Leishmaniasis (Kala-azar) : Report of a Case. Ann. Int. Med. 26:
787-795, May 1947. (3) Burchenal, J. H., and Woods, R. P.: Visceral Leishmaniasis; Report of 3 Cases of
Its Occurrence in Members of Armed Forces of United States. War Med, 7: 173-177, March 1945. (4) Kranes,
A.: Leishmaniasis Among American Troops in the Mediterranean Theater of Operations. (Report of
5 Cases Submitted to The Surgeon General’s Office.) - [Unpublished; official paper.]

12 Most, H., and Lavietes, P. H.: Kala-azar in American Military Personnel; Report of 30 Cases.
Medicine 26: 221-284, September 1947,
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By the end of World War II, not a single death had been reported as
a result of kala-azar. Subsequently, one death occurred 66 months after
the diagnosis of kala-azar, complicated by nephritis, had been established
(Case 23). As the incubation period, though indeterminate, is frequently
long, a small number of cases occurred in the United States; the disease
developed in men who had previously served in endemic areas, in some,
after separation from military service.’® In a few patients, there was
slight residual splenomegaly. Posttreatment cutaneous leishmaniasis did
not develop in any of the patients, and only the one (Case 23) who died
had suffered relapse after return to civilian life.

In the present series of 30 cases, the average interval from the onset
of acute symptoms to definitive diagnosis and specific treatment was 10
weeks, varying from 2 to 23 weeks. In 50 percent of the cases, the disease
was active and under observation in a military hospital for 3 months or
more before diagnosis was made, and in only five patients was the diag-
nosis established within a month after onset. In six patients, the disease
was continuously active during 4 to 6 months of uninterrupted hopitaliza-
tion before the correct diagnosis of kala-azar was proved. Most of these
men lost a year or more of active duty.

From this experience, it may be hoped that, if troops are again ex-
posed to infection by Leishmania donovani, they will have suitable protec-
tion ™ against the vector, the sandfly of the genus Phlebotomus, and, if
cases do occur, that early diagnosis will be made and appropriate, intensive
therapy given promptly.

PRECLINICAL HISTORY

Age and occupation.—Of the 30 patients, 18 were from 21 to 25 years
of age; 12, from 26 to 30; 2, from 31 to 35; and 3, from 36 to 40. There
were 28 enlisted men and 2 officers. One of the officers was attached to an
air forces headquarters in India, and the other was an infantry platoon
commander, also in India.

" Geographic origin of infection.—Of the 30 cases, 15 originated in India
and 15 in the Mediterranean theater, with the infected soldiers having
spent enough time in North Africa, Sicily, and southern Italy to make
more exact localization impossible, with one exception. This patient, sta-
tioned near Paris, France, had a 1-week furlough in Nice, 8 weeks before

1 A review, in 1951, of records of veterans drawing compensation from the Veterans’ Administration
and carrying leishmaniasis as a major discharge diagnosis, disclosed no significant disability attributable
to kala-azar.~—H. M.

1 The extensive research program which the Office of The Surgeon General, U.S. Army, instituted in
1941 for improved insecticides and insect repellants led to the discovery of the insecticide DDT and such
insect repellants as Indalone (butopyronoxyl), dimethyl phthalate, and Formula No. 612 of Rutgers Univer-
sity. All of these were tested, not only against mosquitoes but also against the Phlebotomus sandfly of
kala-azar and the tsetse fly of African sleeping sickness and found quite effective. However, their full-
scale production did not become available until the latter part of 1943 and early 1944.—A. L. A.
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the onset of symptoms. It is reasonably certain that his infection was
acquired in the vicinity of Nice.

Mode of infection.—Several species of Phlebotomus are known to act
as vectors in the transmission of leishmaniasis. The 30 patients all said
that they had been bitten by mosquitoes and other “insects and bugs,”
but they were not specifically aware of the sandfly. This is not surprising,
since Phlebotomus is only from 1.5 to 2.5 mm. in length, and the local irri-
tation caused by its bite may easily be attributed to the more readily
visible arthropods.

Kala-azar occurs mostly in native villages and frequently is a house-
hold infection. One patient was one of three officers sharing an apartment
in Caleutta, India, in two of whom leishmaniasis developed. Three patients
were from the same company quartered at an airbase on the outskirts of
Calcutta. Six patients said they had occupied native huts in a village
recently vacated. One patient, a truckdriver, slept repeatediy in a stable
on the outskirts of a village. Five other truckdrivers traveled at night
along the coast of North Africa and often had to sleep in their trucks in
towns or villages. In the majority of the 30 patients, there was thus
ample opportunity for acquiring infection in or near native villages, but
for some of the patients, there was no history obtained of time spent in
native huts or villages.

Incubation period.—The incubation period is not definitely known and
apparently varies widely, instances being reported in which it was as short
as 2 weeks and as long as 18 months. In the patient who became ill 3 weeks
after spending a week at Nice, it is fairly certain that the incubation
period was 3 weeks, since previously this man had been on duty only in
England and Paris. In two of the cases, the incubation period, based on
the interval between the last possible exposure in an endemic area and
the development of the clinical disease in the United States, was at least
2 months. The longest possible incubation period, as indicated by the inter-
val between arrival in an endemic area and the onset of symptoms, was 33
months. Our attention has been called ** to a soldier who had served in
North Africa, Sicily, and Italy. In Italy, in February 1944, he was taken
prisoner and sent to Germany where he remained until his liberation and
subsequent return to the United States. He was discharged from the Army
in August 1945. Symptoms developed insidiously during the next 2 months,
and the patient was finally hospitalized in December 1945. The last pos-
sible exposure was in Italy, in early February 1944, and the shortest pos-
sible incubation period extended from his arrival in Germany until he
became ill in the United States, an interval of 19 months. Accordingly,
when there are suggestive clinical and laboratory findings, a diagnosis of
kala-azar should be considered, even if the patient has long since left
the endemic area.

15 Hayman, J. H., Jr.: Personal communication,
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CLINICAL ASPECTS AT ONSET

- Fever.—In this group of 30 patients, the onset of fever was abrupt.
In 29 (96 percent) of them, the first symptom was fever, with a chill of
sufficient severity to warrant their seeking medical attention.

In the acute phase of the disease, the fever was intermittent, with one
or two daily temperature rises to 101° to 106° F. The phenomenon of
double peaks in daily temperature was observed in 50 percent of the
patients (fig. 1A). Although this may be seen in other infections, it
occurs so frequently in kala-azar as to suggest this possible diagnosis in
cases of prolonged fever. The second rise may occur late at night and may
be overlooked unless temperature readings are taken every 2 or 3 hours,
day and night, and are charted graphically.

In some patients, the maximum rise occurs at approximately the
same time every day. In a few patients, there may be an exact tertian
periodicity of chills and fever, recurring on alternate days for several
days and weeks, and suggesting the form of malaria caused by Plasmo-
dium vivaz (fig. 1B). Occasionally, the temperature, although intermittent,
may show very irregular variations in the height as well as in the hour
of each maximum rise. Intercurrent infection may alter the temperature
curve with periods of sustained high fever, which may be confusing in
evaluating response to treatment. A typhoidlike fever early in the disease
occurs commonly in China, but this was observed in only one patient whose
high fever was sustained for 10 days before it became intermittent (fig.
1C). Recurring febrile waves resembling the temperature pattern in
brucellosis have been described in kala-azar, particularly when its course
is prolonged (fig. 1D), but this was not a characteristic curve even in
patients who were febrile as long as 6 months before diagnosis or treat-
ment. It occurred in four patients; after from 10 to 30 days, it subsided
gradually, and a period of from 10 days to 6 weeks elapsed before it
recurred. In only one patient was fever entirely absent throughout the
observed course of the disease. ‘

Many patients had one or more chills daily, for weeks at a time, and
all but three had chills at some time during the disease. The aching in the
back and the extremities and the vomiting that frequently occur following
a paroxysm of malaria were not noted with the chill or fever of kala-azar.
Profuse sweating followed the chill.

Splenomegaly.—Splenomegaly was the most prominent physical find-
ing in most patients. In 27 (90 percent), the spleen was found enlarged
on first examination, and in the 3 others, it became enlarged later. The
liver was enlarged in 73 percent on first examination or subsequently. No
patient had hepatomegaly without splenomegaly, and in all patients, the
spleen was enlarged much more than the liver, varying in size from an
edge readily palpable just below the costal margin to a gross mass below
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the level of the umbilicus. The edge of the spleen was usually firm and
smooth and, often, tender. The spleen often enlarged with remarkable
speed. .

Cervical adenopathy.—Cervical adenopathy was prominent in seven
patients. There was also slight to moderate generalized lymphadenopathy
in these patients, which, together with coexisting splenomegaly and hema-
tological changes, helped to establish the differential diagnosis. In lymph
node biopsies, L. donovani were demonstrated in six of these patients,
either on first examination or on review of the sections. In still another
patient, the only complaint at onset and throughout the whole course of
the disease was painless progressive enlargement of lymph nodes of the
neck.

Other complaints.—Other complaints at onset, aside from chills and
fever, were remarkably few. In practically every patient, there was loss
of weight, usually evident when first seen, but only two complained of
weakness. Many observers noted that these patients usually did not seem
acutely ill—"“toxic” or “septic”—even after prolonged periods of chills
and high temperature. The skin was warm and dry except following a
paroxysm or during the profuse sweating of defervescence.

No striking changes were found in the heart and the lungs. One
patient, admitted with chills and fever, had a history of an unproductive
cough for 8 weeks, but physical and roentgenographic examinations of
the chest were negative in all patients except two with intercurrent
pneumonia. Blood pressures were normal, or below normal, in all patients
but one. This patient had hypertension associated with acute nephritis
(Case 23). This may or may not have been related to the onset of kala-
azar. The pulse averaged about 80 per minute except during fever, when
it ranged from 100 to 120 per minute. There were no disturbances in
cardiac rhythm or in electrocardiograms made before treatment.

In one patient (Case 27), hospitalized because of jaundice, presuma-
bly infectious hepatitis, kala-azar was suspected and was later confirmed
by the clinical and laboratory findings. This patient had slight icterus of
the skin and sclerae. Otherwise, the eyes and fundi were normal in all
patients; there were no pigmentary changes in the skin; and no purpura
was observed. In one patient (Case 11), the chief complaint was bleeding
from the gums, which were spongy, infected, and receded from the teeth.

One patient (Case 23), hospitalized because of edema of the lower
extremities, had hypertension, azotemia, and hematuria. A bone marrow
examination performed in an attempt to explain the persistent leukopenia
in this case of diffuse glomerulonephritis led to the diagnosis of kala-azar.

DIFFERENTIAL DIAGNOSIS

Various acute or chronic infections and neoplastic diseases were some-
times suspected in this group of patients. Intermittent fever, spleno-
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megaly, and hematological changes were suggestive, early in the clinical
course, of acute infection and, later, of some primary disease of the
hematopoietic organs. Frequently, there were intensive studies directed
along these lines and numerous therapeutic trials with antimalarial
drugs, sulfonamides, and penicillin. These remedies are of no benefit in
kala-azar except to control intercurrent infections. The diagnoses most
frequently made are discussed here briefly and in more detail in the article
by Most and Lavietes (p. 5).

Differentiation from other infections.—In almost every case, malaria
had been suspected at onset, suggested by the chills and fever and other
findings and by the fact of military service in areas endemic for malaria.
Invariably, however, repeated blood smears were negative for Plasmodia,
and antimalarial drugs were ineffective.

Brucellosis had been seriously considered in five patients from the
Mediterranean theater and one from India, but blood cultures were sterile
and agglutination tests negative for Brucella. In brucellosis, there are
usually no double peaks in daily temperature; the white count is rarely
so depressed and the spleen rarely becomes so huge as in leishmaniasis.

Subacute bacterial endocarditis was suspected in one patient but was
not confirmed. Military tuberculosis was suspected in one patient, a Negro,
but was not found in roentgenograms. Dengue was suspected in two
patients. Amebiasis was seriously considered in three cases, but there was no
leukocytosis, and specific therapy was ineffective. Fortunately, these patients
were not subjected either to laparotomy or to aspiration.

Typhoid fever or typhus was considered for several weeks in five
patients. In one of these, the temperature was very suggestive of typhoid
fever during the first 10 days. However, the blood, urine, or stool cultures,
and the Widal reaction, characteristic for typhoid fever, are negative in
kala-azar.

Pneumonia may complicate leishmaniasis, particularly in poorly nour-
ished natives. The diagnosis of pneumonia was made early in the course
of kala-azar in two patients, one of whom in fact had pneumonia, with
leukocytosis. It is of interest that intercurrent bacterial infection in the
course of kala-azar is frequently associated with leukocytosis. Proper treat-
ment of the intercurrent infection may result in clinical improvement but
as a rule the temperature curve follows the pattern and the white blood
count falls to the leukopenic levels of kala-azar.

Infectious hepatitis was suspected in two patients. One may have had
hepatitis with kala-azar, an unusual combination. One case was suspected
of being histoplasmosis, which may be difficult to differentiate clinically
from leishmaniasis since leukopenia, anemia, lymphadenopathy, spleno-
megaly, and remittent fever occur in both, and the diagnosis ultimately
depends upon demonstration of Histoplasma capsulatum in smears, cultures,
or sections of tissue.
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Nephritis was suspected in two patients, and in one (Case 23), there
undoubtedly was an acute glomerulonephritis. Although its coexistence with
kala-azar may have been a coincidence, the two may be related, for the
association has been commented on in the literature.'® In Case 23, as noted,
bone marrow examination was done to explain the persistent leukopenia
and anemia. Proteinuria is a common occurrence in leishmaniasis.

Of the 30 patients, 9 were transferred to general hospitals under the
classification F.U.O. (fever of undetermined origin).

Differentiation from diseases of the hematopoietic organs.—In ap-
proximately 50 percent of the cases of kala-azar, Hodgkin’s disease, acute
aleukemic leukemia, aplastic anemia, and infectious mononucleosis were
seriously considered, and in some, one of these diagnoses was regarded as
tenable for at least 3 months. In kala-azar, the peripheral blood picture does
in fact resemble aplastic anemia, but the presence of reticulocytes and young
white cells indicates continuous regeneration of the blood. Further compari-
son with these several conditions is discussed elsewhere.'?

It should be emphasized that progressive, painless enlargement of
lymph nodes without fever, splenomegaly, or blood changes may occur in
visceral leishmaniasis. This condition has been reported from China and
Brazil and more recently in two American soldiers.’ One case was observed
in the present series. The diagnosis is' made by finding L. donovani in
smears and sections of lymph nodes. Accordingly, this diagnosis should be
considered in patients presenting progressive cervical adenopathy together
with a history of residence or sojourn in a region where visceral leish-
maniasis is endemic.

Certainly, it should not be inferred that kala-azar is the correct
diagnosis in all febrile cases associated with such findings as leukopenia,
splenomegaly, or lymphadenopathy, but only that the possibility should not
be overlooked. In a general hospital in the United States, splenectomy was
performed on an Italian prisoner of war more than a year after his arrival
in the United States.' This man had fever, leukopenia, anemia, hyper-
globulinemia, and splenomegaly. The spleen, after operation, weighed 1,660
gm. and contained large numbers of L. donovani. Before operation, various
hematological, neoplastic, and ihfectious diseases (including kala-azar)
were considered. Bone marrow smears examined at the hospital were nega-
tive, but Leishmania were reported in specimens submitted to the Army
Institute of Pathology (now Armed Forces Institute of Pathology), Wash-
ington, D.C.

16 (1) Lee, C. U., and Chung, H. L.: A Clinical Study of the Early Manifestations of Chinese Kala-
azar., Chinese M.J., 49: 1281, December 1935. (2) Knowles, R., cited by Strong, Richard P., in Stitt’s
Diagnosis, Prevention and Treatment of Tropical Diseases. 7th edition. Philadelphia: The Blakiston Co.,
1944, vol. 1.

17 See footnote 12, p. 5.

¥ Angevine, D. M., Hamilton, T. R.. Wallace, I*'. G., and Hazard, J. B.: Lymph Nodes in Leish-
maniasis. Am. J.M. Se. 210: 38, \July 1945,

1 Sweeney, J. S., Friedlander, R. D,, and Queen, F. B.: Kala-azar (Visceral Leishmaniasis) Simulat-
ing Splenic Anemia., J,AM.A, 128; 1020, 4 Aug, 1945,
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Awareness of this disease should not interfere with studies designed
to establish other possible diagnoses but may materially shorten the interval
from clinical onset to correct diagnosis. Early diagnosis is important in
kala-azar because adequate therapy is dramatically effective and in most
patients results in complete cure.

DIAGNOSIS

The diagnosis of leishmaniasis is suggested by a history of possible
exposure in endemic areas and by such clinical manifestations as (1) pro-
longed intermittent fever, frequently with double daily peaks; (2) enlarge-
ment of the spleen or lymph nodes or both with, in some cases, enlargement
of the liver; (3) leukopenia; (4) anemia; and (5) elevation of serum
globulin. The diagnosis is established by demonstration of L. donovani in
smears, sections, cultures (on N.N.N. medium), or by hamster inoculation
of material from spleen, liver, bone marrow, lymph nodes, or blood. These
sources are listed in the order of relative abundance with which the para-
sites are said to occur in them.

The results of various diagnostic procedures in the 30 cases are
summarized in table 1. The micro-organisms were found in the blood in only
one case in which the diagnosis was previously unsuspected. In another
series of 300 proved cases, there were positive smears in only 3, and in a
series of 23 cases, there were 9 positive smears.>

Sternal marrow aspiration was done in 29 patients of the present
series. Of 49 punctures, only 21 were positive. The diagnosis was established
with one puncture in 14 cases, with a second puncture in 3, and with a third
puncture in 4 cases, leaving 8 undiagnosed by this method. The average age
of the disease was the same (10 weeks) in those with negative, and in those
with positive, bone marrow smears.

In the four sternal punctures in this series that were done at the Moore
General Hospital, Leishmania were demonstrated by smear and culture but
in small numbers compared with the numbers seen in splenic preparations.
Bone marrow material may be negative on smear, but positive after culture
on N.N.N. medium. Cultures should not be discarded before 1 month, as
growth may be slow.

Splenic puncture was performed in 18 cases and gave positive results
in all. Three positive specimens of splenic material produced the infection
in inoculated hamsters. The age of the disease when diagnosis was made
by this means varied from 2 to 23 weeks (averaging 10 weeks).

Lymph node biopsy was done on seven patients with prominent lympha-
denopathy. In three, the initial biopsy report was negative, but in two of
these, Leishmania were found when the sections were reviewed because of

20 Henderson (1936) and Wang (1938), cited by Sirong, Richard P., in Stitt’s Diagnosis, Prevention
and Treatment of Tropical Diseases, Tth edition. Philadelphia: The Blakiston Co., 1944, vol. I, p. 277.
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TABLE 1.—Results of diagnostic procedures ! in 30 cases of proved kala-azar

Case No.

]
Bone marrow

Lymph node

Section

\
|
i Smear

Smear | Culture
T
4+ e
+ e
0 ...
0 +
Lo |
[0 +
Lo+ +
4+
0 -
(L)

+ |
B i
i P
4+
0 __ .-
[0 ]

\o+
R
+ -
+
/+ ————————
;0L

Lo )
/+i """""
i 0

L+
+ -
+ -
e
0 | . .-
+ -
0

Spleen
Smear Culture

+ +
+ +
+ +
B N R

A

]

} + +
+ +
+ +
+ +

[ P

+ +
+ +
+ +
+ o+
+ )+
+ o+
+ +
+ +
+ +

Blood
Smear Culture
0 0
0 0
0 0
__(_)_ (_)__
0 0
___(_)___ (_)___
0 0
0 |oo-_C
+ e

: Multiple reports for same procedure represent results of trials on different occasions before treatment.

2 Other diagnostic procedures (skin, tonsil) gave negative results.

KEY.— +, positive result; 0, negative result.

additional clinical and laboratory evidence. In four, the diagnosis was estab-
lished from smears or sections of lymph nodes, making a total of six out of
seven. However, Leishmania may easily be overlooked, unless search for
them is directed by a record of stay in endemic areas.
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Notes on Technique

Puncture of the spleen.—As this proved to be the most reliable pro-
cedure in this series and as it is not widely used in the United States, a
general description of the technique of spleen puncture is presented in the
paragraph which is to follow and is described in detail elsewhere.” The
procedure is simple and safe, if done carefully. It should be performed only
when kala-azar is suspected from a history of possible exposure, supported
by clinical evidence, and only when the edge of the spleen is well below the
costal margin. The blood-clotting time and bleeding time should be deter-
mined beforehand, and transfusions of whole blood should be given if
required.

One hour before puncture, 0.1 gm. pentobarbital sodium is given by mouth. The
patient is placed on an abdominal binder and the site of puncture selected. This should be
midway between the edge of the spleen and the costal margin, never immediately below
the costal margin or between the ribs. A l-percent procaine hydrochloride solution is
injected so as to produce a wheal in the skin about 2 e¢m. in diameter. The patient is
told to breathe deeply in and out 10 times, and a dry sterile needle (17 to 19 gage and
1% inch long) is then thrust deeply into the spleen. It should be held firmly but not
rigidly. If a stylet has been used, it is withdrawn, and a sterile, airtight 5 cc. syringe
attached. Suction is produced, and a little blood enters the syringe. The plunger is then
gently released and the needle withdrawn quickly. A sterile pad is applied for a few
minutes with gentle pressure to the site of injection, then the abdominal binder is closed.
The patient should stay in bed and his pulse and blood pressure should be watched
closely for 24 hours.

Smears.—Material from tissue puncture should be spread as thin as
possible and allowed to dry. After staining with Giemsa’s or Wright’s stain,
it should be painstakingly examined under an oil immersion lens, with care
not to confuse blood platelets and Leishman-Donovan bodies that have been
liberated from broken mononuclears.

From blood specimens, both thick and thin smears should be made.
The latter require special attention to the edges and ends of the smear where
aggregations of white cells may include parasitized mononuclears. Here
again, platelets and free parasites may be confused.

If lymph nodes are enlarged, one may be aspirated or removed, and
smears and thin sections made, also cultures on N.N.N. medium. Sections
should be examined under an oil immersion lens, to avoid overlooking para-
sites which shrink in fixation. ’

Summary

Bone marrow smears and cultures may be diagnostic in 60 to 75 per-
cent of cases if suitable specimens (marrow material rather than blood)
are obtained and if sufficient care is taken in the search for parasites. These
methods failing, splenic puncture remains the most reliable, with due care

21 See footnote 12, p. 5,
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given to the technique of this procedure. Delays in diagnosis were caused
not so much by the difficulty in finding the micro-organisms as by the failure
to look for them. Of 14 cases reported to The Surgeon General from India 22
during 1944 and the first 5 months of 1945, 8 were studied at the 1424
General Hospital in Calcutta. The interval to diagnosis ranged from 12 to
121 days (average 215 months). Following presentation of one or two cases
at staff conferences, the ‘““index of suspicion” was raised, and delay in
diagnosis was materially shortened. Other cases were also reported from
the North African and India-Burma theaters.”

TREATMENT AND RESPONSE

Specific treatment with antimony compounds was instituted as soon
as the diagnosis was made. The results of treatment and the relative
efficiency of the drugs used are presented in tables 2 and 3.

The response was frequently dramatic. Fever, which may have been
hectic for months, in some cases subsided within a few days after the
first dose.

Comparative effectiveness.—Two patients had previously been treated,
without benefit, with the trivalent compound Fuadin (stibophen). All were
ultimately treated with Neostam (stibamine glucoside), Neostibosan
(ethylstibamine), or stibanose (sodium antimony gluconate, 20 mg. anti-
mony per centimeter) in one or more courses of one or more of these
pentavalent compounds. Two failures were re-treated, successfully, with
stilbamidine (4, 4’-diamidinostilbene isethionate).

Neostam was slower in bringing down fever (average 22 days) than
Neostibosan (average 12 days) even when the total dosage was as high.
The majority of patients reacted to Neostam with toxic symptoms, prin-
cipally severe nausea and vomiting, and one patient had shock and convul-
sions after a single dose of 0.3 gram.

Stibanose eliminated fever rapidly, and no toxic symptoms were ob-
served in four patients in whom it was used for kala-azar, in four others
who were given 200 cc. experimentally for schistosomiasis japonica, and
in one patient, with Bancroft’s filariasis, who was given 400 ce. within 20
days. Two patients, one of whom had failed of cure with Neostibosan, were
not, however, cured with stibanose. Stibanose was not found to be superior
to Neostibosan.

Stilbamidine, a potentially dangerous drug, is effective in treating
antimony-resistant strains (from the Sudan) as well as the more readily
susceptible strains (from India, China, and Mediterranean countries).

22 Blumgart, Herrman L., and Pike. George M.: In Medical Department, United States Army. Inter-
nal Medicine in World War II. Volume I. Activities of WMedical Consultants. Washington: U.S. Government
Printing Office, 1961, p. 796.

% (1) Essential Technical Medical Data, North African Theater of Operations, U.S. Army, for April
1944, (2) Essential Technical Medical Data, U.S. Forees, India-Burma Theater, 1 July 1945,
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TABLE 2.—Results of treatment in 30 cases of proved kala-azar

17

Fuadin
{ec.)

Tartar
emetic
(gm.)

Neostam
(gm.)

Neostibosan
(gm.)

Stilbamidine
(gm.)

Stibanose
(ce.)
2200

f 1240

2200
1200

Case
No. Treatment
1LV __.
b do___.__
I do.._ ..
4 . .. do...__.
5 ... do..___
6 | IM________
(A . do_____
8 ... do..__.
9 |_____ do_____
10| LV ______
11 IM________
12 . ___. do___..
13 |_____ do_____
4LV _______
15 IM________
16 |_____ do_____
17TV LV_ ...
18 | ILM_.._____
19 LV __.____
20 |.___. do_____
21 | ILM________
22 ... do_____
28 ... __ do____.
24 | ILV_____.._
26 | IM.._..__.
26 | IL.V________
27 ... do_____
28 | IM________
29 \ LV ______
30 ... do____
2 Amount which produced cure.
3No effect.

1 Clinical improvement foillowed by relapse.

4+ Continuous course of two drugs which produced cure.

Note.—I.V. (intravenous injection); I.M. (intramuscular injection).

In general, Neostibosan proved to be the drug of choice in these cases,
regardless of their origin (Indian or Mediterranean), duration before
diagnosis, or previous medication. Fever was controlled promptly ; hemato-
logical recovery was complete. The optimum total dosage appeared to be
4.0 gm. or more, although several patients were cured with less. In 18
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TABLE 3.—Summary of relative efficiency of drugs used in treatment of 30 proved cases of kala-azar

Drug Patients treated Number of Percent treatment | Percent patients
treatments cures cured
Fuadin________________.. 2 2 0 0
Neostam______________.___ 14 15 40 42
Stibanose._ . ._______._____ 4 4 50 50
Neostibosan___.______.___ 18 23 74 95
Stilbamidine__ .. _______.__ 2 2 100 100

patients, one given 0.5 gm. daily for 20 consecutive days, there were no
toxic symptoms. In another case (Case 16), however, subsequent to a course
of 3.9 gm. of Neostibosan, there developed a kidney lesion characterized
by fixed urinary specific gravity, diminished output of P.S.P. (phenol-
sulfonphthalein), and constantly elevated BUN. (blood urea nitrogen) with-
out hypertension or proteinuria. These changes persisted for 9 months.
This is a very uncommon manifestation of antimony toxicity. It may be
encountered during or after treatment either with trivalent or pentavalent
compounds.

Failures in treatment (p. 22) have been principally the result of the
use of Neostam overseas or in a few hospitals in the United States or to
inadequate dosage with Neostibosan.

Neostam was recommended for the treatment of leishmaniasis in
1941.2¢ Previously, the chairman of the Subcommittee on Tropical Medicine
of the National Research Council had pointed out that Neostibosan was a
superior drug; however, not having been approved by the Food and Drug
Administration, Neostibosan was not recommended until 2 February 1943,*
and its standardization was not approved until 1 June 1944. As a result,
this drug did not become available as a standard item of medical supply
until most of the patients had already been treated with Neostam at least
once.

Of these, in the present series, relapse occurred in more than 50 per-
cent, irrespective of the total dosage of Neostam that had been given. In
several patients, failure or relapse resulted from the use of inadequate
amounts of Neostibosan. Antimony refractoriness was the probable explana-
tion for repeated relapse in one patient (Case 19) after each of two inten-
sive courses of Neostibosan (5.0 and 10.0 gm., respectively) and one course
of 240 cc. of stibanose. Previous treatment with small amounts of Fuadin,
Neostam, and Neostibosan had produced only temporary improvement after
the latter two. Ultimately, cure followed administration of 4.0 gm. of
stilbamidine. The treatment and response to various drugs in this patient
is shown in figure 2.

2 See footnote 8, p. 4.
25 See footnote 9, p. 4,




LEISHMANIASIS 19

cent antimony, is available in ampules of 0.3 gram. It is dissolved as a
5-percent solution in sterile, saline, or distilled water and is administered
intravenously. A total of 5.0 gm. over a period of 17 days is usually given,
although in several patients 0.5 gm. daily for 10 days gave excellent results.
Liberal fluid intake and diet are encouraged during treatment. No adjuvant
therapy is prescribed. Complications are not an indication for the dis-
continuance of the specific therapy, unless there should be evidence of a
causal relation, which was not seen in the 30 patients of this series. Penicil-
lin or sulfonamides, or both, may be given to control bacterial infections

TEMPERATURE
May JuNe| ave. Aus.| oot Nov. 4an. FEB.
| NEOSTIBOSAN | | STIBANOSE | | NEosTiBOSAN | | STILBAMIDINE N
I 5.0 GM. ! [T 240 co. | 7 10,0 6M. i \ 4.125 GM. !
106}
1051
104},
103}
N H |
101} I ll I I
100}
ngg;ul ;hlllllmhp H il l pﬁﬁ- lH Ilfmﬁimlﬁn | H l hnlmn
97‘ EETETYTETETN e TR CHRE S ‘I[7I92‘12‘3I2527‘293‘|I2“‘41165

| Ly LIy
|s Ia 2022242628301 3 5 4
DAYS

FIGURE 2.—Response of temperature to four courses of treatment in the same patient
(Case 19). Note that fever subsided promptly after each therapeutic course but recurred
after each course but the last. This patient had received, before the first course shown
in the figure, small noncurative amounts of Fuadin, Neostibosan, and Neostam and, as a
result, may have developed an antimony-resistant strain of Leishmania. Relapse occurred
even after 10.0 gm. of Neostibosan. Stilbamidine is recommended only after relapse, fol-
lowing adequate amounts of antimony. The necessity. of prolonged observation after
treatment is apparent from this case.

during a course of Neostibosan. In the 30 patients, the anemia of kala-azar
responded to Neostibosan therapy, and no patient required any blood trans-
fusions.

Stilbamidine, a nonmetallic organic compound, may produce shock,
hemolysis, hepatic necrosis, and severe neuritis. It should be used with
caution only after failure with several intensive courses of Neostibosan. Of
the 30 patients, only 2 were treated with this drug. It is given intra-
venously in at least 200 cc. fluid, beginning with 25 mg. and increasing by
24 mg. daily until 300 mg. are given at one time. The total dose in the
patients was 4.0 gm., although the usual curative dosage is said to be
between 1 and 2 grams. There is some indication that the more severe toxic
reactions do not occur if the solutions are prepared daily before use.
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FIGURE 3.—Enlargement of liver and spleen in patients with kala-azar, and response
to treatment. Note marked diminution in size of liver and spleen within a month after
completion of treatment. Note also improved nutritional state.
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F1GURE 3.—Continued.

Clinical response to Neostibosan treatment.—Symptomatic improve-
ment is frequently noted within a few days after beginning treatment. Most
patients have a normal temperature when about half of the total amount
of Neostibosan has been given, although a few may still have a low-grade
fever 7 to 10 days after completion of treatment. In some, the maximum
daily temperature becomes progressively lower each day during treatment
until it is normal. In others, chills and high fever continue daily for the
first 5 to 8 days of treatment, and then the temperature suddenly becomes,
and remains, normal. A striking response to treatment is shown in figures
1A and B and 2.

With subsidence of fever and chills, appetite improves. One patient
gained 30 pounds during the first 5 weeks of treatment, and most patients
have regained normal weight in from 3 to 8 weeks after completion of
treatment.

The spleen frequently shrinks very rapidly and, in practically all the
patients, was no longer palpable within 2 months after completion of
treatment. In one patient, who had been ill for 6 months before institution
of therapy, the spleen, whose edge was in the pelvis at the start of treat-
ment, was barely palpable 1 month thereafter. Typical changes in the size
of the spleen and liver after treatment are shown in figure 3.
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Correction of the accompanying anemia is seen in the frequently strik-
ing reticulocyte response and in the gradual increase in the number of
leukocytes to normal within, usually, a month. The typical alterations in
serum proteins may take 6 months to return to a normal balance. Hemato-
logical and biochemical changes observed in these cases of kala-azar before,
during, and after treatment are discussed fully in the report by Most and
Lavietes and briefly in this chapter.

Complications.—Whether related to treatment or to other infections,
complications were infrequent in the patients in this series. Pneumonia
developed in one before the diagnosis of kala-azar was established, and in
two others, it occurred during or shortly after the course of antimony
therapy. Another patient, while being treated with Neostibosan, developed
an acute exacerbation of a previous otitis media. Penicillin brought these
intercurrent infections promptly under control without interruption of
the Neostibosan schedule. In another patient, a gluteal abscess, which had
developed overseas following injection of liver extract, was controlled by
incision, drainage, and penicillin. Intercurrent infections were associated
with a leukocyte count of 13,000 to 20,000 which returned to the previously
low level characteristic of kala-azar when the infection was controlled.

No ulcerative stomatitis occurred in this series, possibly because of the
relatively healthy condition of the mouth of the American patient as com-
pared to the native in whom this complication does occur. Acute agranulocy-
tosis was not observed. This rare complication has been described 2¢ and may
be recognized clinically and by leukocyte and differential counts. If it occurs
during antimony treatment, such treatment is suspended until the complica-
tion has been overcome by blood transfusions, penicillin, and crude liver
extract. Treatment with antimony is then reinstituted.

Relapse.—Treatment failures, observed in the United States and
occurring overseas, fall into two categories. In one group, there is seen little
or no effect on fever, anemia, enlargement of liver and spleen, and leuko-
penia during treatment or for a month after its completion. Such failures
occurred with Fuadin and in many cases with Neostam. In the second
group of failures, there is a satisfactory response to treatment, but after
an interval of several weeks or months, fever recurs and there is chnlcal
and laboratory evidence of relapse.

The average interval to relapse was 5.8 weeks (range 4 to 13 Weeks)
after Neostibosan treatment and 5.2 weeks (range 1 to 16 weeks) affer
Neostam. In this series, all patients were observed for more than 16 weeks
after completion of therapy, the average being 6 months. In most cases,
relapse is apparent within 2 months of treatment, but in some it may
oceur later. Relapses were suspected in 2 of the 30 cases only after 4 months
of continued observation. One patient (Case 30) was clinically well at this
T 2 (1) Huang, C. H.: Acute Agranulocytosis in Kala-azar. Chinese M.J. 57: 119, February 1940. (2)

Zia, L. S., and Forkner, C. E.: The Syndrome of Acute Agranulocytosis and Its Occurrence as a Com-
plication of Kala-azar. Am, J.M. Sc. 188: 5, November 1934,
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time, but discharge was not advised because leukopenia persisted. In the
next 2 weeks, he lost 10 pounds. The other patient (Case 23) was improved
in all respects at 4 months, but weight and strength were still subnormal.
Sternal puncture done 3 weeks later revealed viable Leishmania. These
patients were re-treated, and one of them (Case 23) relapsed again with
kala-azar and nephritis, eventually becoming the only fatality reported in
American troops.

In this series of cases, splenic punctures were performed in all relapses
and were invariably found positive. However, a positive splenic puncture
1 or 2 months after-treatment is, by itself, not proof of failure or relapse
since, in several instances, viable Leitshmania were obtained from the spleen
from 4 to 8 weeks after treatment; these patients were cured without any
further treatment. Nevertheless, splenic puncture is important in excluding
suspected relapse especially if no Leishmania are found on smear or culture
of material from other tissues. Negative results indicate a search for a
cause other than active kala-azar to explain the symptoms or signs in
question, before additional antimony or other therapy is contemplated.

Treatment of relapse.—If relapse has followed treatment with Neo-
stam, or with less than 5.0 gm. of Neostibosan, at least 5.0 gm. of Neosti-
bosan should be administered as has been outlined (p. 19). Relapse after
5.0 gm. of Neostibosan can be treated with 10.0 gm. of the same drug (0.5
gm. daily for 20 days). Relapse after 10.0 gm. should be treated with
stilbamidine. In the event of repeated relapse following intensive therapy
with Neostibosan and other pentavalent compounds, or when other drugs
are not available, a trial of tartar emetic (potassium or sodium -antimony
tartrate) may be attempted. A satisfactory dose schedule is as follows:
First day, 10 cc. of freshly prepared 0.5 percent solution ; third day, 20 ce.;
fifth day, 30 cc., and this repeated every other day until a total of 360 cc.
(1.8 gm.) has been given. Toxic manifestations consist of a hacking cough
immediately after an injection; severe aching in joints and muscles, be-
ginning 6 to 12 hours after the injection and lasting for about 12 hours;
nausea; and electrocardiographic changes (principally inversion of T
waves). Severe cough can be minimized or avoided by giving the 30-cc.
doses in two injections of 15 cc. each, with an interval of 1 hour between
the two. The rate of injection should not be more rapid than 1 cc. per 15
seconds.

~ Failure following intensive pentavalent and trivalent antimony and
stilbamidine treatment of kala-azar is rare. Careful clinical and laboratory
studies are necessary to determine whether some other condition is respon-
sible for continued illness. A patient with kala-azar unsuccessfully treated
with several intensive courses of pentavalent antimony compounds and
stilbamidine was submitted to splenectomy (p. 44). A dramatic clinical and
hematological response followed. Splenectomy must, therefore, be consid-
ered as a last resort if all other attempts at treatment have failed.
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BLOOD STUDIES
Serum Proteins

Before treatment.—Data on serum proteins available in 19 cases before
specific therapy, and within from 1 to 5 months after onset of symptoms,
are presented in table 4.

Briefly, it is seen that a fall in albumin and rise in globulin are regu-
larly manifested within 2 months of the clinical onset. Hyperglobulinemia
became marked, but hypoalbuminemia never became severe in this series,
although more extreme values have been reported.*

TABLE 4.—Serum proteins before any specific therapy in 19 cases of proved kala-azar

Albumin Globulin Time from onset
Case No. (gm. percent) {gm. percent) of symptoms
(days)
J 4.1 2.1 9
10 oo 4.2 2.2 27
3.8 2.0 37
6 2.8 5.2 152
16 oo \ 3.1 6.2 168
24 e 3.1 4.6 61
28 e 3.9 5.1 40
80 e 3.4 4.5 54
2 i 3.5 3.5 70
18 i 5.7 4.0 59
(S 3.2 4.1 18
3 3.2 3.6 53
28 ol 3.0 5.8 123
19 e 3.7 4.1 134
S U 4.1 3.1 97
3.5 3.9 83
2 U 2.7 3.9 115
| 2.9 4.2 117
20, i eiel-- 3.8 3.7 71
12 oo 4.8 8.9 81
3 R 3.2 3.8 56
[ 4.9 3.1 39
18 . { 4.5 3.5 186
| 4.0 5.9 223
14 il 3.1 2.9 61
6 / 4.8 2.7 62
""""""""""""""""""""""""""" | 3.4 6.8 120

27 (1) Ling, 8. M.: Distribution of Protein Fractions i{n the Serum of Kala-azar Patients. Proe. Soc.
Exper. Biol. & Med. 27: 247, January 1930. (2) Chung, H. L.: The Sedimentation Rate of the Blood
of Patients With Kala-azar, Chinese M.J. 48: 1101, Novenmber 1934,
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INTERVAL SINGE ONSET OF SYMPTOMS, MONTHS

F1GUre 4.—Course of serum proteins, with results of formol-gel test and cephalin
flocculation before, during, and after specific antimony treatment in individual cases.
Note slow fall of globulin, persistence of positive results in cephalin flocculation test, and
more prompt reversion of serum albumin and formol-gel to normal.

Response to treatment.—Data before beginning treatment and at
monthly intervals thereafter are presented in table 5. With few exceptions,
serum albumin rises to exceed 4 percent in 1 to 2 months, usually reaching
maximum values 3 months after the start of therapy. Serum globulin re-
turns to normal more slowly, remaining above normal, in the majority of
cases, even after 5 months. The course of serum proteins, in three cases, in
relation to the onset of symptoms and to therapy is shown in figure 4. Note
the slow descent of globulin into the normal range, the reversion of the
formol-gel reaction to normal shortly after treatment, and the prolonged
persistence of positive cephalin flocculations.
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In Case 3, the fall in serum albumin during the first few days is not
exdeptional. In six of eight cases, a fall in albumin of 0.4 percent or more
was noted between the second and seventh day of treatment. This is prob-
ably not due to blood dilution, although at this time the hemoglobin and
erythrocyte count also usually fall, for the globulin usually increases, and
the leukocytes and platelets may decrease disproportionately. It seems prob-
able that these changes are all related to an initial stimulation of Leish-
mania.

Phenomena due to hyperglobulinemia.—Phenomena dependent largely
upon hypergliobulinemia were studied as used diagnostically, as follows:
A flocculation of protein from blood or serum by dilution with water; B
flocculation from serum by solutions of pentavalent antimony compounds,
and C opalescent gel formation when two drops of 40 percent formalin are
mixed with 1 percent of serum (Napier’s formol-gel test). Two or more of
these tests were run on the same serum in 14 cases, with agreement between
them in 12. In one case, A was negative while C was positive; in another,
B was negative while A and C were positive. The formol-gel test, done 31
times in untreated cases, was positive 8 times, doubtful twice, and negative
7 times in the first 3 months after onset of symptoms; positive 12 times,
and negative only twice, after 3 months.

As the formol-gel test depends primarily upon hyperglobulinemia,* it
is not specific for leishmaniasis. In the 30 patients, the result was usually
positive when serum globulin was 4.2 percent or more (fig. 5) but some-
times was negative, usually within a month or two after completion of
sucéessful treatment, when serum albumin had increased considerably be-
fore serum globulin had fallen markedly. Occasionally, a doubtful positive
becomes definitely positive during treatment,* as it did in Cases 3 and 19 on
the third and fourth days of treatment. »

These observations suggested, and in vitro experiments (fig. 6) de-
scribed by Most and Lavietes confirmed the suggestion, that the opalescence
of the formol-gel reaction in the serum of patients with kala-azar is obtained
only in hyperglobulinemia in the presence of hypoalbuminemia. Opalescent
gels may be obtained with normal euglobulin in physiologic saline solution.
Gel formation is common in serum with elevated globulin content in condi-
tions other than kala-azar, but is rarely as opalescent, despite equal reduc-
tion in albumin concentration. This suggests that the globulin in kala-azar
yields stronger opalescence than that in other conditions with hyper-
globulinemia. _

The cephalin flocculation and thymol turbidity tests are dependent upon
hyperglobulinemia primarily and, the former at least, upon hypoalbumi-
nemia secondarily. Both are strongly positive in active cases. They remain
positive for months after successful treatment, even after the globulin con-

28 Wise, C. R., and Gutman, A. B.: Formol-Gel Reaction: Convenient Preliminary Test for Hyper-

globtllinemia. Am, J.M. Sc. 194: 263, August 1937,
2 See footnote 16 (1), p. 12,
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Fi1cUure 5.—Correlation of serum globulin and result of formol-gel test. Note that,
when the serum globulin is 4.2 gm. percent or above, the formol-gel test is positive in
most instances. Note also that the serum globulin may be elevated for as long as 6
months after completion of successful treatment although the formol-gel test becomes

negative within a month after treatment.

centration has fallen to normal range, suggesting that some of the serum
globulin peculiar to leishmaniasis is still present at this time. Tests of liver
function (p. 39) showed no evidence of damage.

Nature of the hyperglobulinemia.—The increase in globulin, as in pre-
viously reported cases,* was chiefly in the euglobulin fraction. Curves of
electrophoretic studies (fig. 7) made in 2 of the 30 cases indicate an increase
in gamma globulin without abnormal concentration of alpha or beta
globulin.

A cold precipitable serum protein which redissolves readily on return
to room temperature has been described *' and was found in approximately
one-third of the active cases. In one, 1.9 gm. of protein per 100 cc. came
out of solution at 5° centigrade.

The globulin in leishmaniasis serum binds subnormal amounts of cal-
cium. Total serum calcium was in the lower normal range in the presence of
marked hyperproteinemia, but ultrafilterable calcium was within normal

% See footnote 27, p. 24.
31 Wertheimer, E., and Stein, L.: Cold-Susceptible Globulin Fraction of Pathologic Sera. J. Lab. & Clin.

Med. 29: 1082-1089, October 1944,
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limits (table 6). Hyperglobulinemia of certain other diseases has likewise
been shown to possess subnormal base-binding power .32

The globulin peculiar to leishmaniasis is, in summary, a sparingly
soluble gamma globulin which binds subnormal amounts of calcium (and
presumably of total base as well). It probably arises in an immune reaction
or, conceivably, from continuous destruction of parasitized reticuloendo-
thelial cells.

UNDILUTED
SERUM

FIGURE 6.—Effect of albumin on the formol-gel reaction. Serum from Case 23 was
diluted I (20 percent), II (30 percent), III (40 percent), IV (50 percent), and V
(60 percent) with A (17 percent solution of normal human albumin in physiologic saline
solution), B (normal serum), and C (physiologic saline solution). One-half cc. portions
of the diluted serum were mixed with 1 drop of commercial formalin in 8-mim. tubes.
Photographs were made with the samples lying on a black background after 24 hours.
Note marked diminution of opalescence in I-A, its almost complete disappearance in
II-A, and loss of gelation as well in IV-A. This is in striking contrast to the gelation
and intense opalescence after even greater dilution with physiologic saline in V-C. The
dilution with normal serum gives intermediate results.

32 Gutman, A. B., and Gutman, E. B.: Calcium-Protein Relation in Hyperproteinemia: Total and
Diffusible Serum Calcium in Lymphogranuloma Inguinale and Myeloma. Proc. Soc. Exper. Biol. & Med.
85: 511-515, December 1936,
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TABLE 6.—Calcium in serum and in ultrafiltrale of serum, in leishmaniasis

Serum calcium Ultrafiltrate
Case No. (mg. percent) caleium
(mg. percent)
15 o 9.5 oo
11 e 9.2 | ...
9 e e 9.0 |
12 e 100 ..
19 e 9.7 5.4
21 .. 10.4 6.2
28 . 9.0 5.7
28 e 10.3 6.3
Ay
s
a
BEFORE DURING BEFORE
TREATMENT TREATMENT
CASE 21 GASE 6

FiGUure 7.—Electrophoretic pattern of sera from two cases of active kala-azar. In
both instances, gamma globulin makes up more than half of the total protein and albu-
min, little over one-fourth of the total. (A, albumin; v, gamma globulin; 8, beta globu-
lin; o, alpha globulin (1 and 2)). There is no significant change during or immediately

after completion of treatment in Case 21 (200 cc.

stibanose during 10 days).

(These studies were made by Mrs. M. Costello and Dr. Dan Moore, Department of
Anatomy, College of Physicians and Surgeons, Columbia University, New York, N.Y.)

Leukopenia

Leukopenia is an early and striking manifestation of leishmaniasis.
Counts done early in the course of most of these cases are available and are

summarized in table 7.
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FicUrRe 8—Early changes in the red and white blood counts in active kala-azar.
Note rapid development of anemia and leukopenia in patients under observation shortly
after onset of symptoms.

TABLE T.—Leukocyte counts in 28 cases of proved kala-azar

Number of cases

Days after onset
of symptoms

Number of patients with leukocyte counts of —

Poly-
morphonuclear
cells, <3,000

<4,000 <6,000 >17,000
1 <10 3 7 1 4
""""""""" <30 9 2 I
9 11-30 5 4 | 2
"""""""""" 30+ 9 oL
8 >30 7 ) PR
""""""""" >44 0 R F .
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Thus, only 2 of 20 cases observed in the first month after onset of
symptoms failed to develop a leukocyte count of less than 4,000, and 1 of
these had a mild persistent granulopenia. Another patient was noted as
having both leukopenia and anemia in the first month of clinical illness but
is not included in the analysis because the early data are not available. The
speed with which leukopenia may develop is illustrated in figure 8.

The data obtained in active cases before (and after) successful treat-
ment at the Moore General Hospital are shown in table 8. During spon-
taneous remissions of the disease, the blood count reverts to or toward
normal.3® There are no observations during remissions in this series. In
two cases, leukocytosis developed with the occurrence of pyogenic complica-
tions (otitis media and pneumococcic pneumonia).

Anemia

A common early symptom of kala-azar is a lowered erythrocyte count.
Observations made soon after the onset of symptoms are presented in
table 9.

At or near the time of first observation, 16 of 26 cases had erythrocyte
counts of 4.0 million or less. In 18 of 17 patients with counts done during
the first month after the clinical onset, the red cells fell to 4.0 or less.

In this series, anemia never progressed to extreme levels. The median
count in 16 patients during the first month of symptoms was 3.7 million,
range from 2.4 to 4.6. For the 28 cases as a whole, the minimal pretreatment
count had a median of 3.2, range from 2.2 to 4.5. Pretreatment counts at
the Moore General Hospital, recorded in table 8, range from 2.9 to 3.9,
median 3.4, in close agreement with pretreatment data from other hos-
pitalizations.

Color indices (Sahli’s technique) in the active cases were rarely less
than 0.90, and in several exceeded 1.00 (table 10), again in close agreement

TABLE 9.—Erythrocyte counts in 26 cases of proved kala-azar

Number of patients with erythrocytes
Days after onset
Number of cases of symptoms
>4.8 >4.0 >2.8
(millions) (millions) (millions)
6 / 0 [ T 5 1
"""""""""""" \ <30 |- 2 4
| 11-80 |- 3 8
Moo \ 80 | 2 9
O e >80 | . 2 7

33 See footnote 16 (1), p. 12,
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with hemoglobin determinations made before admission, technique not speci-
fied. In these, color indices were usually between 0.90 and 1.00, rarely
below 0.85 and never below 0.82, with a few between 1.00 and 1.10. As a
rule, there was but slight hypochromia in relation to the number of erythro-
cytes (color index) but more marked hypochromia in relation to cell volume
(mean corpuscular hemoglobin concentration) ; that is, the red cells were
often abnormally large and pale, as was readily apparent in some of the
smears.

Other findings included reticulocyte counts, before treatment, of 0.5
percent or less in six active cases and of 1.0 and 1.4 percent in two active
cases. Normal values had been noted elsewhere in three of these patients
and in one other. The test for erythrocyte fragility to hypotonic saline made
in four active cases gave normal results. The icterus index was normal in
all active cases upon admission. In early determinations in 15 patients, it
was within normal range in all except 1 patient who probably had concur-
rent hepatitis, 2 who had single observations of 9 and 11 shortly after
transfusions, and 2 with unexplained single observations of 9 and 18. n
blood smears, normoblasts were not observed ; metamyelocytes were present
in normal numbers, and no younger forms of leukocytes were found in the
peripheral blood.

TABLE 10.—Hematological observations in seven cases of active kala-azar

Mean cor- | Mean cor-

Previous | Time from | Red blood Hemo- Hema- puscular puscular
Case No. treatment | onset of count globin tocerit Color volume |hemoglobin

{anti- symptoms | (millions) | (percent) volumes index {cubic concen-

mony) (weeks) {percent) microns) tration

(percent)
0 0 5 3.46 68 28 0.98 81 35.2
28 . + 19 3.03 57 27 .94 - 89 30.6
22 . 0 17 2.88 55 29 .96 94 29.5
) ) S + 22 3.67 Vi 36 1.05 98 32.1
23 . 0 32 3.62 70 36 97 100 28.2
| 0 16 3.63 68 33 .95 91 29.9
16 . 0 12 2.65 54 26 1.02 98 30.0

NoTE.—0, negative result; -4, positive result.

These findings indicate that the changes in the blood observed in kala-
azar are not characterized by excessive blood destruction or by increased
blood formation.

Clotting Mechanism

The clotting mechanism was studied during active disease in all but
two cases. Bleeding time was 4 minutes or less, with rare exceptions, and
never exceeded 5 minutes. Clotting time was usually in the upper normal
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range, with none definitely abnormal. The quality of the clot was often poor,
and clot retraction was occasionally retarded ; none being apparent at 2 hours
in four patients and none at 24 hours in one, in which bleeding from the
gums had occurred in its course (Case 11).

Thrombocytopenia developed early and regularly in the 30 patients but
never became extreme. Platelet counts made before treatment (table 8)
were uniformly subnormal, the lowest being in the case with the poorest clot

- petraction. In Case 23, with nosebleed at the onset of illness, platelets were
105,000 only 12 days thereafter; in Cases 11 and 7, they numbered 132,000
and 159,000, respectively, 5 and 7 weeks from clinical onset; and in Cases 3
and 22, they were 70,000 and 63,000, respectively, at approximately 20 weeks
from onset of symptoms. The occasional defect in clot retraction was pre-
sumably due to thrombocytopenia. That the hyperglobulinemia was not
responsible is suggested by the fact that globulin from patients with kala-
azar added to normal serum did not prevent normal clot retraction.

Although total serum calcium was in the lower normal range (table
6), normal values for ultrafilterable calcium showed that an abnormally
high portion of total calcium was not bound to protein, as might have been
expected in view of the hyperglobulinemia.

Fibrinogen, measured in three patients, was normal, as in previously
reported cases.** Prothrombin time, determined in four active cases, was
within normal limits. In one patient (Case 14), who was successfully treated
before admission, the prothrombin time was 56 percent before treatment,
with slow reversion to normal subsequently.

Deficiency in calcium, fibrinogen, or prothrombin cannot have been re-
sponsible for the bleeding observed in this disease. The thrombocytopenia,
although occurring regularly, was not of the degree seen in purpura. In
previous observations, also, a lack of correlation between bleeding and
platelet counts has been noted.*> Only the two patients in this series had any
abnormal bleeding, the one (Case 11), from his gums early in his disease;
the other (Case 23), from the nose at the onset of illness and again during
an exacerbation 4 months after treatment with stibanose. During this re-
lapse, examination of the anterior nares revealed some areas of hyperemia,
superficial ulceration, and crusting. The bleeding of kala-azar may be due, in
part at least, to actual leishmanial lesions of the mucous membranes.

Response of Blood Count to Treatment

Circulating erythrocytés and leukocytes usually decreased during the
first week of treatment. A progressive rise ensued, which was usually well
marked within 1 month of beginning treatment. The counts after approxi-
mately 8 days, 1 week, and 1 month of therapy are presented in table 8.
- 3 See footnote 27 (2), p. 24.

35 Scovel, F. G.: Kala-azar: A Review of Its Incidence and Epidemiology in China and Clinical
Observations on 585 Cases. Ann, Int. Med. 21: 607, October 1944,
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FIGURE 9.—Hematological response to treatment. Note reticulocyte rise and reversion
of red blood cells, white blood cells, and hemoglobin toward normal.

Available data on patients treated before admission showed a similar trend.
Red cell count and hemoglobin usually became entirely normal in the 30
cases only 3 to 4 months after start of treatment. No medication was given
for the anemia per se. Platelets were followed through treatment in only
one patient (Case 28). The pretreatment level was 169,000, with fall to
115,000 on the 7th day of treatment and return to 171,000 on the 14th day.
This is in accord with previous observations.*® Frequent reticulocyte counts
during treatment in six cases invariably showed a significant rise, in three
of them occurring within 2 days after the first injection. The peak (up to
15 percent) was reached in approximately 2 weeks in most instances (table
11). A typical hematological response is shown in figure 9, and a composite

chart of the leukocyte counts before, during, and after treatment is shown

in figure 10. The speed of restoration of the leukocyte count to normal is not
related to the ultimate outcome, although one should suspect therapeutic

failure or relapse if leukopenia is prolonged for several months after treat-
ment.

% Yang, C, 8., and Ch’en, K. T.: Blood Platelets in Kalu-uzar. Nat. Med. J. China 16: 84-42, February
1930,
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FIGURE 10.—White blood counts before and after treatment. Composite chart of all
white blood counts in 25 cases. Note the marked and maintained leukopenia before treat-
ment and the response after therapy.

TABLE 11.—Reticulocyte response to specific ireatment in proved cases of kala-azar

Before treatment

Maximal reticulocyte count

Case No.
Red blood count Reticulocytes Days from first Level
{millions) (percent) injection (percent)

B - 3.08 |\ ... 13 15.0
19 2 (8) . e e 13 9.4
(€2 7SN U DU UPUPIP RPN R 18 3.9

€3 N F 1.0 27 5.3

4 e 3.50 | oo 7 4.6
2l o 3.8 oo 18 14.8
28 o 3.39 .5 15 7.0
18 - 3.78 5 15 3.4

1 Response to 3 different courses of treatment, as follows: Relapse after (a) 10.0 gm. Neostibosan and (b) 240 ce,
stibanose and cure after (¢) 4.0 gm. stilbamidine.
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Erythrocyte Sedimentation Rate

Regular increase in sedimentation rate in kala-azar has been described 37
and is usually so great that, in blood from untreated cases, the cells settle
out to a large degree before clotting occurs. Sedimentation rates, deter-
mined by the method of Wintrobe in 19 of 30 cases before specific therapy,
are summarized in table 12. It is apparent that the sedimentation rate is
usually, but not necessarily, elevated during active disease. The following
cases are illustrative:

Case 11.—This patient had had a sedimentation of 35 mm. before treatment with a
small dose of antimony, which produced a brief remission. On admission to Moore Gen-
eral Hospital, 7 weeks later, he was febrile and splenic puncture was positive, yet the
sedimentation rate was 2 mm. per hour.

Case 23.—This patient, with marked elevation of sedimentation rate before treat-
ment, had a rate of 9 mm. per hour 19 weeks after treatment with stibanose. Because
this patient failed to gain weight and strengh, splenic puncture was done and viable
Leishmania were recovered. Activity of the disease in this patient could not be pre-
dicted by the sedimentation rate.

TABLE 12.—Pretreatment sedimentaiion rate (millimeter per hour) in 19 cases of proved kala-azar

Pretreatment sedimentation rate (mm. per hour) after onset of symptoms
Number of cases
2 weeks 3 weeks 7 weeks >8 weeks
4o 25 80 |
______________ 20 | |eeieliaaos
______________ 26 | llL
______________ 82 || e el
18 e e > normal
1 | 8 | C
12 e e e e 34
t Case 7.
2 Case 13.

¢ 32 weeks after onset of symptoms but only 1 week after spontaneous remission of 3 weeks.

Other Tests

Agglutination of group 0 erythrocytes in the cold by serum from
patients with kala-azar has been reported.’™ Of 5 of the 30 cases tested, 3
were negative and 2 were positive in low titer (1:5, 1:4). Complement
fixation tests were more often negative than positive in the active cases.

Bone marrow smears were examined in only four active cases. Prior
reports in most instances had noted only the presence or absence of Leish-
mania. In 7 cases, however, in which complete examinations were recorded

4T See footnote 27 (2), p. 24.
3 See footnote 10 (3), p. &,
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and in 4 of the 30 of this series, marrow of average cellularity and differen-
tial count was observed. In this cellular marrow, Leishman-Donovan bodies
usually were sparsely scattered.

Nature of the Hematological Disturbance

There is no apparent hemolytic component, since red cell fragility and
icterus index are normal. There is no deficiency of antianemic principle,
since the bone marrow is not megaloblastic nor the anemia hyperchromic.
Liver extract was used before admission in several of the 30 patients, with-
out therapeutic effect. The hematological disturbance is not nutritional in
the ordinary sense, since it may develop with extreme rapidity, is associated
with marked leukopenia, and is characterized by only minimal hyper-
chromia.

The peripheral blood picture is that of aplastic anemia, but the bone
marrow is not morphologically aplastic. The anemia and leukopenia have
been described as myelophthistic, a hypothesis which seems hardly tenable
in view of the cellular marrow and relative paucity of Leishman-Donovan
bodies. The picture in the periphery and in the marrow resembled that
described in benzol and other poisoning.* It seems quite possible that the
anemia of kala-azar is likewise toxic either in the sense that a metabolic
product of Leishmania interferes with cell production or that the metabolic
needs of rapidly dividing Leishmania or rapid formation and destruction
of reticuloendothelial cells deprive the marrow of essential nutrients. The
early appearance of reticulocytes when the temperature falls during anti-
mony treatment, while viable Leishmania are still present in abundance in
spleen and marrow, is compatible with this hypothesis.

LIVER FUNCTION

There is no indication that liver function has suffered significantly in
the 30 patients of this series. The icterus index was normal in all of the
cases that were active on arrival in Moore General Hospital and in almost
all observations made before hospitalization here. Bromsulphalein (sulfo-
promophthalein) excretion was studied in six active febrile cases, using the
5 mg. per kilogram dose and the 45-minute interval. Dye retention was only
between 2 and 10 percent. The strongly positive cephalin flocculation and
thymol turbidity probably were not indicative of liver damage but were
rather a manifestation of the marked hyperglobulinemia.

Icterus index, serum bilirubin, and BSP (Bromsulphalein) excretion
were determined during and after treatment with Neostibosan or stilbami-
dine in several instances, but no evidence of liver damage was found. The

3 Rhoads, C. P., and Miller, D, K.: Histology of the Bone Murrow in Aplastic Anemia. Arch, Path. 26:
648—663, September 1938,




40 INTERNAL MEDICINE

icterus index in the patient (Case 27) convalescent from apparent infectious
hepatitis fell from 31 to 20 in 4 days of febrile kala-azar immediately before
treatment with antimony and to 10 during the first 2 weeks of treatment.
On admission to Moore General Hospital, 3 months later, the icterus index
was 4.

RENAL COMPLICATIONS

There were only two patients with clinically important renal complica-
tions in this series. One, Case 16, an instance of chronic renal insufficiency
following successful treatment of kala-azar with Neostibosan, will be dis-
cussed later (p. 41). The other, Case 23 (p. 46), developed classical acute
glomerulonephritis at approximately the same time as the onset of kala-azar.
At the time of first observation, 2 weeks after the onset of symptoms,
marked leukopenia was already present in addition to the edema, hyper-
tension, azotemia, albuminuria, and hematuria of acute nephritis. Since
leukopenia rarely develops in less than 2 weeks from the clinical onset in
kala-azar, this disease was probably of at least 2 weeks’ duration. That it
was not much longer than this is indicated by the fact that splenomegaly
and lymphadenopathy developed 1 week after the initial observation and
that serum protein rose from 6.2 to 6.9 gm. percent in the first 10 days
and to 10.4, 2 months later. Coincident onset does not, of course, indicate
a causal relationship between the two diseases. In fact, progressive improve-
ment in the nephritis was marked before treatment of the kala-azar, and
the subsequent course to apparent cure was not inconsistent with the
natural history of the ordinary severe acute nephritis. The very few cases
of acute nephritis that have been reported in connection with kala-azar
may be of an accidental association.

Incidence and course of albuminuria and hematuria in the patients of
this series during the course of kala-azar are summarized as follows:

Of 25 patients, 16 were observed to have albuminuria during active
kala-azar, and 12 were known to have microscopic hematuria. The albumi-
nuria was usually slight and the hematuria usually mild. In only one case
were many red blood cells reported with urinary findings so prominent that
renal function tests and intravenous pyelograms were made; both were
normal. In most cases, hematuria was observed on several occasions. Many
specimens contained from 3 to 10 leukocytes per high-power field without
relation to other urinary findings and usually without change following
treatment. With the exception of Case 23, none of the patients had hyper-
tension, edema, azotemia, and all were able to concentrate urine and to
excrete phenolsulfonphthalein.

Hematuria, albuminuria, and cylindruria disappeared during treat-
ment or within a few days thereafter. Neither albuminuria nor hematuria
was constantly present during fever. The frequency of hematuria in the
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patients of this series suggests that the albuminuria of leishmaniasis is due
to focal leishmanial lesions, analogous to focal nephritis in bacteremias, and
not to fever. In fatal cases, parasitized macrophages may be seen in the
interstitial tissues of the kidneys.*

The other patient (Case 16) developed chronic renal insufficiency
during convalescence from kala-azar, presumably from toxic effect of Neo-
stibosan. Previous data in this case are scant. Urinalysis 12 weeks from
onset of symptoms of kala-azar was normal. Four weeks later, from six to
eight red blood cells per high-power field were reported. Five weeks after
this, just before treatment, urinalysis showed specific gravity of 1.023, no
albumin, and no formed elements. Clinical response to treatment with 3.9
gm. of Neostibosan in 23 days was prompt and satisfactory with no un-
toward reactions noted. Unfortunately, the urine was not examined during
treatment or for 10 weeks thereafter. Casual urine specimens then showed
low specific gravity, and concentration tests revealed marked hyposthenuria.
Excretion of P.S.P. was only 22.5 percent in 15 minutes (normal 25 to 50
percent) and the BUN. was elevated to 22 mg. percent. The urine contained
no albumin or formed elements. There was no hypertension or edema, and
serum albumin was normal. For 914 months after completion of treatment,
urine concentration was never greater than specific gravity 1.015, P.S.P.
excretion ranged between 17.5 and 20 percent in 15 minutes, BUN. varied
between 21 and 27 mg. percent, and maximal urea clearance was only 38 cc.
per minute. The patient remained asymptomatic, except for slight nocturia,
with normal blood pressure and without albumin or formed elements in
the urine. In summary, this man had a diffuse, nonprogressive lesion with
marked reduction of renal function but without signs of inflammation. This
was presumably due to toxicity from antimony, although documentation is
admittedly poor.

In all other cases in this series, urine examinations and renal function
were normal at the end of the observation period. Therapy with the various
pentavalent antimony preparations did not affect normal urines, and those
with initially abnormal findings cleared during treatment. Excretion of
P.S.P. was determined shortly after completion of treatment in many
instances and urea clearance in four instances; all were within normal
limits. In one patient (Case 19), during treatment with stilbamidine, slight
albuminuria developed without other abnormality. Three consecutive speci-
mens before treatment and repeated specimens after the last day of treat-
ment were all negative. Routine urinalysis before, during, and after treat-
ment had specific gravity in excess of 1.024. No appreciable change in slight
albuminuria present before treatment was observed in the course of treating
Case 23 with stilbamidine.

40 Strong, Richard P.: Stitt’s Diagnosis, Prevention and Treatment of Tropical Diseases. Tth edition.
Philadelphia: The Blakiston Co., 1944, vol. I, p. 256.
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CASE HISTORIES

Five case histories, of unusual interest, are presented in this section.
Three (Case 22, Case 19, and Case 23) are from the series of cases discussed
in the preceding sections of this chapter. One (Case 5¢) is from another
series, and one (unnumbered) is of a patient who was seen at the Walter
Reed General Hospital, Washington, D.C.

Case 22.—Prolonged interval to diagnosis; leukemia considered for 2
months; prompt response to 5.0 gm. Neostibosan ; no relapse.

This patient, white, 23 years old, a carpenter, had served in the Mediterranean
theater (north Africa and Italy) from 13 May 1943 to 24 March 1945. Onset of illness
in December 1944 was gradual, with progressive enlargement of the abdomen, with
pallor, and, in January, with chills, fever, sweats, and anorexia. Admitted to the 8lst
Station Hospital, Leghorn, Italy, on 16 February 1945, he had lost 38 pounds; the liver
and spleen were enlarged four fingers’ breadth below the costal margin; there was
generalized adenopathy; leukopenia (8.8) but no anemia; cephalin flocculation, 4 plus.
Presumptive diagnoses were Hodgkin’s disease, aleukemic leukemia, or kala-azar. Sternal
puncture, blood culture, stool examinations, and malaria smears were all negative. An
excised axillary lymph node showed nothing specific. Fever, with one or two chills daily,
showed a temperature rise as high as 105° F. The liver and spleen continued to enlarge.

He was transferred to the 64th General Hospital, Ardenza, Italy, on 10 March 1945.
Symptoms hecame progressively worse. A second sternal puncture was reported negative
for kala-azar. An inguinal hernia developed. Evacuated to the United States with a
transfer diagnosis of aleukemic leukemia, he was a patient at the Foster General Hos-
pital, Jackson, Miss., from 19 April 1945 to 10 May 1945. Pallor and emaciation became
more severe; the splenomegaly, hepatomegaly, and adenopathy persisted; and anemia
was discovered. Total serum proteins were elevated. Sternal puncture and biopsy of an
axillary node did not reveal parasites. A splenic puncture was performed, but the slides
were lost. Temperature rose daily to 104° F. The patient was transferred to the Moore
General Hospital on 10 May 1945.

Physical examination.—Pallor; weight, 132 pounds; * * * generalized adenopathy
involving the anterior cervical, the occipital, the epitrochlear, the axillary, and the in-
guinal glands. In the left axilla, there was a hard gland of moderate size, freely movable,
not tender. The spleen was nine fingers’ breadth below the costal margin and descended
further with respiration; it was tender to touch. The liver was six fingers’ breadth
below the costal margin. The clinical impression was kala-azar.

Admission laboratory findings—RBC, 3.6 million; Hb. 71 percent; WBC, 1.8; serum
albumin, 2.5, serum globulin, 4.6 gm. percent; cephalin flocculation test, 4 plus; formol-
gel test, 4 plus; clotting time (Lee and White method), 16 minutes; bleeding time, 2.5
minutes; platelets, 106,430,

Hospital course.—A transfusion of 500 cc. blood was given on 13 May 1945. Splenic
puncture on the following day showed Leishman-Donovan bodies. A course of 5.0 gm.
Neostibosan was begun on 15 May and completed on 2 June 1945. In 10 days, the tem-
perature became normal for the first time in 5 months. By 18 June 1945, the patient had
gained 24 pounds, his spleen was only three fingers’ breadth and his liver four fingers’
breadth below the costal margin. The erythrocyte count had risen to 4.2 million, Hb. 84
percent, leukocyte count to 5,500. The formol-gel test was negative. Total serum pro-
teins were normal at 7.4, albumin 4.8 and globulin 2.6. Cephalin flocculation was 4 plus.

Returning from a 30-day furlough, the patient reported feeling fairly well except
for some pain in the left upper quadrant of the abdomen. His spleen was no longer pal-
pable, and all laboratory findings were normal except for a positive .cephalin floccula-
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tion. Seen again in September, he complained only of tiring easily. He weighed 165
pounds, and neither liver or spleen was palpable. Bilateral hernias were repaired on 3
October 1945, and the patient was discharged as completely well in December 1945. The
serum proteins were normal, the red and white blood counts were normal, and the
cephalin flocculation test was negative. Microscopic hematuria and albuminuria, which
had been repeatedly observed, cleared completely after treatment.

Comment.—The interval to diagnosis from the onset of symptoms was
at least 4 months. The consensus at several hospitals was that the patient
had leukemia. The correct diagnosis was established by splenic puncture,
and complete recovery followed treatment with 5.0 gm. Neostibosan. No
relapse occurred during 6 months’ observation following treatment.

Case 19.—Protracted illness; long interval to diagnosis; repeated
failure with antimony; cure with stilbamidine (see fig. 2).

The patient, white, 27 years old, a file clerk, served in various parts of India from
17 May 1942 to 25 August 1944, in contact with natives and quartered sometimes in
barracks and sometimes in tents. Acute clinical onset, on 16 August 1944, with chills,
fever, generalized aching, and headache. Admitted to the 263d General Hospital, Cal-
cutta, India, on 25 August. One or two temperature elevations with chills daily. Treat-
ment with quinine, Atabrine (quinacrine hydrochloride), sulfonamides, and penicillin
had no effect on symptoms.

Physical examination.—Negative except for enlargement of the spleen shown by
X-ray.

Laboratory findings—WBC, on admission 5,200, fell gradually and subsequently
remained between 2 and 3 thousand; RBC 2.8, Hb. 60 percent. Formol-gel tests negative
during the first 4 months of illness. On 29 December 1944, serum albumin 2.7, globulin 4.1
gm. percent. Presumptive diagnoses during this time were dengue, malaria, amebiasis, and
finally unexplained fever. On 30 December 1944, smears from sternal marrow were posi-
tive for Leishmania.

Treatment (30 December 1944-20 January 1945), 42.56 cc. Fuadin, with no effect
on fever, anemia, and leukopenia; Neostibosan, 2.7 gm. (5 February-24 February 1945),
with temporary clinical response. Fever absent for 1 month; recurred on 29 March
1945. Anemia, leukopenia, and splenomegaly persisted. Neostam, 0.75 gm. (31 March-14
April 1945), with temporary slight lowering of fever; no change in blood picture.

The patient was evacuated to the United States. On admission to Moore General
Hospital on 6 May 1945, he was moderately undernourished; the spleen was palpable
eight fingers’ breadth below the left costal margin. In the axillae and the right epitro-
chlear region, there were palpable nodes, small (0.5-1.0 c¢m.), firm, discrete, freely
movable, not tender. One or two rises in temperature daily, 104° to 105.6° F. RBC 2.9;
Hb. 65 percent; WBC 1.8; serum albumin 3.0 and globulin 6.6 gm. percent; formol-gel
and cephalin flocculation tests positive; platelets 134,000, Spleen puncture on 17 May
1945 positive for Leishmania by smear and culture.

Hospital course.—Treatment (17 May—4 June 1945) with Neostibosan 5.0 grams.
Temperature normal on 15th day of treatment. Spleen receded somewhat. RBC 3.2;
WBC 3.9. After a 30-day furlough, the patient returned with a history of chills, fever,
loss of weight, and intermittent pain in left upper quadrant of the abdomen. The spleen
had enlarged. Splenic puncture was again positive. Treatment (6 August-16 August
1945) with 240 ce. stibanose, with temperature becoming normal 1 day after completion
of treatment; reticulocytosis 9.4 pereent; rise of RBC to 3.9 and of WBC to 4.9. The
patient, asymptomatic, was again given a 30-day furlough, during which chills and
fever recurred. On readmission, the spleen was found to be still larger; RBC 2.8; WBC




44 INTERNAL MEDICINE

2.8; serum globulin 6.6. Spleen puncture on 21 August 1945 again positive by smear and
culture. Treatment with 10.0 gm. Neostibosan (24 October—12 November 1945), with
prompt control of fever. Reticulocytosis, 13.9 percent, on last day of treatment. Relaps:
within 1 month, with spleen well into the pelvis; WBC 2.6; recurrence of fever. Spleen
puncture on 10 January 1946 again positive.

Treatment (12 January 1946-2 February 1946) with stilbamidine. The dosage,
initially 0.025 gm., was increased gradually to daily injections of 0.800 gram. Toxic
symptoms included mild flushing of the skin, with some formication and burning; local
venous irritation with resultant thromboses; moderate exacerbation of daily tempera-
ture peaks up to 102° F.; and moderate malaise with nausea, lasting from 4 to 6 hours
after each injection. During the first 16 days of this therapy, all elements of the blood
were mildly depressed; thereafter, all rose progressively. Reticulocytosis 5.3 percent on
7 February. Red blood count, hemoglobin, and white blood count rose progressively to
peaks of 4.74 million, 84 percent, and 7.40, respectively, 22 days after cessation of
treatment. Temperature (3 February) became and remained normal. The spleen, which
enlarged during the early part of treatment, by the 15th day after its completion was
only three fingers’ breadth below the left costal margin. There was no relapse dur-
ing observation continued for 5 months.

Comment.—The interval to diagnosis from onset of symptoms was 4
months. This patient had several courses of small amounts of antimony over-
seas. Subsequently, curative amounts of 5 and 10 gm. of Neostibosan and
240 cc. of stibanose were ineffective. The strain of Leishmania in this
patient may possibly have developed resistance to antimony. Cure was
ultimately accomplished with stilbamidine.

Patient seen at Walter Reed General Hospital.—Protracted illness; re-
peated failures with antimony and stilbamidine ; cure with splenectomy.

The clinical record reads substantially as follows:

The patient began his current hospitalization on 27 February 1944 with fever, weak-
ness, malaise, headache, and with laboratory findings: RBC 1.9 million, Hb. 40 percent,
WBC 1500. * * * diagnosis of kala-azar was made 15 April 1944 by splenic puncture.
* * * specific treatment between April 1944 and December 1945 consisted of inadequate
dosages in three courses of Neostibosan, in one course of Anthiomaline (lithium antimony
thiomalate), in one of Solustibosan, in four of diamidinostilbene, and in one of antimony
by iontophoresis, and adequate dosage in two courses of diamidinostilbene, and in one
of solustibanose.

Discussion as of 1 December 1945:

The problem, whether or not to remove this patient’s spleen, has three aspects: The
leishmaniasis, the anemia, and the general discomfort from this tremendously enlarged
spleen.

The recent fever, increase in size of spleen on cessation of treatment, leukopenia,
reversal of albumin globulin ratio, strongly positive aldehyde test, and the apparent
temporary response to diamidinostilbene therapy all point to continued leishmanial
infection despite three negative splenic punctures and one sternal puncture which appears
to be negative so far. Physical examination has not disclosed any extraneous cause of
fever and 10 blood cultures, both routine and under carbon dioxide, have shown no
growth. Chest X-ray is negative. I know of no other disease which could produce this
picture except possibly Hodgkin’s and the lymphomas, neither of which have been ruled
out by gland biopsies as yet. If this patient has continuing leishmanial infection despite
his more than adequate treatment, it may well be that the organisms lying deep in this
enormous spleen are not reached by concentrations of drug adequate to destroy them
completely.
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The anemia is severe and 83 transfusions of 500 cc. each have been needed in the
past 22 months to maintain him at a level of 1.5-3.0 million RBC. Of these 83 trans-
fusions 69, representing 39,500 ce. of whole blood, have been given in the past 6 months.
Even under such intensive transfusion therapy his RBC rose only to 3.0 million and the
highest Hb. revealed is 8.1 grams. Other blood studies have shown reticulocytes of 10
to 25 percent * * *, which would tend to rule out aplastic anemia * * * and an osmotic
fragility which is increased with hemolysis beginning at 0.48 percent, whereas control
blood began at 0.42 percent. No sickling trait has been found * * *, The icteric index has
varied from 5 to 12 for the past 8 months with one level of 25 in July 1945. The serum
proteins have been consistently elevated with reversal of A/G [albumin/globulin] ratio,
* * *_ Last week the patient was given 4,000 cc. of compatible group A blood all less than
72 hours old but 3 days later the hematocrit was only 24 percent, RBC 2.4 and Hb.
6.7 Gm. .

All these data point to an anemia of the hemolytic type. The leishmaniasis
provided two factors which might contribute to the hemolysis: The first would be the
opportunity for pooling of blood in the enlarged spleen; second, the tremendous increase
in the globulin fraction of the serum proteins may well be due at least in part to the
tremendous increase in reticuloendothelial tissue in the spleen. From this point of view
I feel splenectomy is advisable * * *,

From the point of view of the patient’s present comfort * * * there have been many
episodes when he complained of moderately severe pain over this region and a definite
rub could be heard. The present distention interferes with his eating and- makes main-
tenance of body weight difficult.

Realizing that the risk -of splenectomy in this patient may be considerable, I still
feel that with adequate pre- and post-operative transfusions the procedure * * * offers
the only chance of cure.

Basis of diagnosis:

1. 14 April 1944. Splenic puncture showed Letshmania donovani in smear.

2. 25 July 1944. Sternal puncture showed inclusion bodies in R.°E. cells suggestive
of Leishman-Donovan bodies. Culture consistent with Leishmania.

3. 2 October and 24 October 1945. Splenic punctures failed to show Leishmania in
smear, culture, or in hamsters. )

4. 9 November 1945. Sternal puncture failed to show Leishmania in smear, cul-
ture, or in hamsters.

5. 11 December 1945. Splenectomy.

a. Leishmanie donovani found in smear from spleen.
b. Leishmania donovani cultured and growth in hamsters was demonstrated by

culture.

Formol-gel test before splenectomy was repeatedly positive in less than 5 minutes.
Thereafter, for 3 weeks, it was positive in less than 1 minute, and then at increasing
long intervals, until by 13 March 1946 it was positive only after 5 hours.

Course of red and white blood counts (selected samples):

: RBC . WBC
18 Aug. 1944 el 2,100,000 2,050
21 Dec. 1944 _ el __ 1,900,000 3,050
17 May 1945 e . 1,890,000 3,500
19 Oct. 1945 . 1,700,000 2,400
24 Nov. 1945 L 3,150,000 2,800
11 Deec. 1945 _ _ e Splenectomy
21 Dec. 1945 e 3,150,000 9,000
23 Feb. 1946 _ _ . 3,950,000 10,900

18 Mar. 1946 e 9,350
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Course of proteins (selected samples):

Total proteins A/G ratio
16 Aug. 1944 ________ e e 11.60 1/2.18
25 Oct. 1945 oo 8.73 1/2.28
3 Nov. 1945 . 8.4 1/1.372
11 Dec. 1945 el ol__ Splenectomy
12 Jan. 1946 . _ el 8.30 1/1.22
19 Jan. 1946 . _ _ e 7.96 1/1.08
2 Feb. 1946 _ _ oo T 1.08/1
13 Mar. 1946 e 8.00 1.09/1

By 1 April 1946, the patient had steadily continued to improve. He had gained 40
Ibs. since the splenectomy; his proteins had continued to improve; he was asymptomatic;
his RBC and WBC had been improving slowly and his formol-gel test was less positive.
We feel this procedure saved the patient’s life but that it was not necessarily a specific
cure for his residual leishmaniasis.

with small amounts of antimony and stilbamidine may have produced re-
sistance of the Leishmania to these drugs. An underlying hemolytic disease
or abnormal lesion in the spleen may have contributed to the continued
anemia and illness of this patient.

is. Diagnosis made inci-
dentally by splenic puncture in attempt to explain the leukopenia in a case
of nephritis; death 66 months later, the only fatality in a serviceman with
kala-azar (see fig. 6).

The patient, 36 years old, Negro, a Quartermaster ration-dump worker, with service
in north Africa and Italy, had had scarlet fever in childhood, when he was bedridden
for 6 months with a complication of unknown nature. His health was good in service,
until he was admitted, on 10 June 1945, to the 8th Evacuation Hospital with a 5-day
history of dyspnea, dragging sensation in the abdomen, swelling of the legs, dizziness,
and lethargy. He had had a productive cough for 1 week and daily nosebleeds for 2
weeks. On examination, there was some bleeding from the left nostril; a soft systolic
mitral murmur; blood pressure 155/95; moist rales heard at the bases of both lungs and
edema of both legs The urine contained red cells, white cells, and casts.

Improved after 10 days in bed, the patient was evacuated to the 33d General Hos-
pital, Leghorn, Italy, on 20 June 1945. There he was dyspneic on exertion; blood pressure
was 142/92 and 180/108; RBC 3.0 million with proportionate reduction in hemoglobulin;
WBC 5,400 to 5,000; red cells, white cells, and casts in urine; serum albumin 3.2, globu-
lin 3.7 on 25 June; N.P.N. (nonprotein nitrogen) 54 mg. percent, and urea nitrogen
33.4 percent. Temperature elevations reaching a peak of 102.8° F., began on 1 July.
Anemia and a moderate leukopenia developed.

Improved with rest and transfusions, the patient was evacuated to the United States
and admitted to the Fletcher General Hospital, Cambridge, Ohio, on 13 August 1945,
with a transfer diagnosis of chronic glomerulonephritis. He was in some distress from
a recent tooth extraction. There was a large discoid lesion on the shaft of the penis with
several satellite sores. The systolic apical murmur persisted; blood pressure was 132/86.
There was mild generalized adenopathy. There were daily elevations of temperature,
finally reaching 104.6° F., on 23 August 1945. A course of penicillin, totalling 2,400,000
units, was begun, and within 24 hours the temperature fell abruptly and remained nor-
mal for 10 days. However, on 12 September, a low grade fever reappeared and con-
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tinued throughout the rest of his hospital course. RBC 3.0 million; WBC 3.6; N.P.N. 41
mg. percent; serum albumin 3.8; globulin 6.6.

On 25 September 1945, a sternal puncture was done in an attempt to explain the
leukopenia (ranging from 3,600 to 5,600) occurring in a case of nephritis, and numerous
Leishman-Donovan bodies were found. Repeated dark-field examinations of the penile
lesion were negative, and smears disclosed no Leishmania. Sedimentation rate was 65
mm. per hour. Electrocardiogram showed low voltage of T waves. Roentgenogram of the
chest showed pleural thickening in the right costophrenic- angle.

The patient was admitted to the Moore General Hospital for treatment, on 4 Octo-
ber 1945, with a transfer diagnosis of (1) leishmaniasis, (2) chronic glomerular
nephritis, (3) herpes progenitalis.

Physical examination.—Examination confirmed previous findings, including mild
narrowing of retinal arteries, slight cardiac enlargement with an apical systolic mur-
mur, generalized enlargement of lymph nodes, about 1.5 cm. in diameter, not tender.

Laboratory findings—RBC 3.61 million; Hb. 71 percent, WBC 4,700. Urine con-
tained a heavy trace of albumin, 5 to 6 WBC, and a specific gravity of 1.018. P.S.P.
test: 20.5 percent excretion in 1 hour, formol-gel test 4 plus; total protein 8.8 gm.,
albumin 3.0, globulin 5.8; clotting and bleeding time within normal limits; platelets
165,000.

Treatment.—In view of this patient’s chronic glomerular nephritis, it was decided
to treat his kala-azar with stibanose. A total of 200 cec. stibanose was given from 22
October to 1 November 1945. On the eighth day of treatment, the patient became, and
remained, essentially afebrile. There was no apparent aggravation of the nephritic ab-
normalities. On return from convalescent furlough on 26 January 1946, he had intermit-
tent irregular low grade fever, and the spleen was still down two fingers’ breadth below
the left costal margin; BUN 12; RBC 2.7 million; Hb. 6.1; WBC 4,350; serum albumin
3.1, globulin 6.1; formol-gel and cephalin flocculation tests 4 plus. He lost 5 pounds dur-
ing the next month, and sternal puncture on 1 March 1946 was positive for Leishman-
Donovan bodies. Treated with 4.0 gm. stilbamidine from 18 March to 7 April, with no
untoward effect except mild phlebitis and transitory flushing and tingling during injec-
tions. WBC rose from 3,350 to 6,000 during treatment. Excretion of BSP and P.S.P.
both normal at the end of treatment. He was asymptomatic on return from furlough on
29 April; WBC 5,900; RBC 4.2; Hb. 82 percent; serum albumin 3.9, globulin 4.7.
After another furlough, he returned on 23 May with fever, chills, genital lesion, marked
inguinal adenopathy; WBC 8,200; Frei test strongly positive. Fever subsided during
treatment with sulfathiazole, but red cell count and hemoglobin fell, and serum globulin
rose again following this episode. Subsequent convalescence was uneventful, with apparent
cure of the kala-azar and with marked improvement in the kidney lesion.

Subsequent history and comment.—This is the only known case in
which further relapse occurred after the patient was separated from mili-
tary service. He continued to have periodic parasitic and clinical relapses
despite all forms of chemotherapy, including trivalent and pentavalent
antimony compounds in large amounts, various stilbene derivatives, and
splenectomy. Bilateral optic atrophy, nephritis, and severe intractable ane-
mia developed, and the patient died 66 months after the diagnosis of kala-
azar was established. He was hospitalized almost continuously during his
entire illness and received all known specific and symptomatic treatment.
Autopsy disclosed an overwhelming parasitization of the reticuloendothelial
cells in all tissues examined. Apparently, this strain of micro-organism was
" resistant to the available drugs used against this infection. Fortunately,
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this was the only death recorded as the result of kala-azar in American
military personnel during or after World War II.

Case 5c.—Onset by lymphadenopathy; no other positive clinical or
laboratory findings, Leishmania demonstrated in lymph nodes.

This patient had been in northern Africa for 4 months before his arrival in Sicily,
in September 1943, where he spent the next 5 months before coming to England. He
had been in excellent health until ahout 1 January 1944, at which time he noted a slight
swelling, without tenderness, of the posterior cervical and postauricular lymph nodes.
These increased gradually in size until the largest was plainly visible. There were no
other complaints, and he was admitted to a station hospital only for study of the
enlarged nodes. There the physical examination revealed essentially normal conditions
except for the enlarged suboccipital, postauricular and posterior cervical lymph nodes.
The largest of these, in the left posterior cervical chain, measured 1.5 by 2.0 centimeters.
Roentgenograms of the chest and neck revealed nothing significant. The blood counts
were normal, and Kahn, Widal heterophile, and undulant fever agglutination tests were
done, with negative results. Typical Leishmania were found in sections from a biopsy
of a large node stained with Giemsa’s stain. )

He was transferred to the Moore General Hospital, on 23 March 1944, with a diag-
nosis of leishmaniasis. No history could be obtained of chills, fever, night sweats, loss
of weight, diarrhea, or slowly healing sores.

Physical examination.—Examinatior: showed a well-nourished man of 23, appar-
ently in excellent health. The skin was clear. Small pea-sized lymph nodes were found
in the posterior cervical chain and in the postauricular and suboccipital regions; they
were not tender. The epitrochlear nodes were just palpable, and a few small, discrete
axillary nodes were palpable but not tender. The liver descended 2 em. below the costal
margin on deep inspiration and was slightly tender. The spleen could not be felt. Other-
wise the physical examination was essentially negative.

Laboratory studies—RBC 4,800,000, Hb. 96 percent, WBC 5,000, with 68 percent
polymorphonuclear leukocytes and no abnormal cells. Total serum proteins were 6.5 gm.,
albumin 4.8, globulin 1.7. The aldehyde test of Napier was negative. Smears of sternal
marrow and material aspirated from lymph nodes were negative, and cultures of these
materials on N.N.N. medium showed no leptomonad forms after 21 days’ incubation at
room temperature. A second biopsy of an enlarged cervical node, however, showed typical
Leishmania parasites in smears, microscopic sections, and culture. Despite the patient’s
apparently excellent health, antimony therapy was started on the basis of the incon-
testable diagnosis of lymph node leishmaniasis. Fifteen daily injections of 6 cc. of solu-
tion of sodium antimony gluconate, representing 1,800 mg. antimony, were given. At the
completion of this series, he was discharged to duty, with instruections to return in one
month for further evaluation of results.

Comments.—This case is of unusual interest because the only symp-
tom or finding was lymphadenopathy. 1t emphasizes the importance of
Leishmania in the differential diagnosis of adenopathy in patients from
endemic areas.




CHAPTER II

Coccidioidomycosis

Roger O. Egeberg, M.D.

The full clinical picture of coccidioidomycosis had been put together
only a short time before the entry of the United States into World War 11,
and the very name was unfamiliar to the majority of physicians in the
United States as the country began to take action against the eventuality
of war.

What, then, was known to students of the disease as the United States
began to mobilize and to prepare for training? By 1940-41, the clinical
picture was fairly clear. 1t was recognized that coccidioidomycosis was a
disease with an acute, relatively benign initial phase, usually localized in
the lungs, and frequently associated with erythema nodosum. This acute
phase was followed in a few patients by a generalized spread throughout
the body with death occurring in more than 50 percent of white patients
and in almost all dark-skinned patients. The causative agent was a biphasic
fungus, Coccidioides immitis, which had been recovered from the soil of
certain arid regions and from rodents. There were obvious similarities to
tuberculosis, but analogies here were in many respects misleading.

HISTORICAL NOTE

In 1892, Posada!® and, later in the same year, Wernicke * described a
round parasite found on section in the autopsies of patients dying of a
disease not unlike tuberculosis. This work was done in Argentina, and the
patients were seen at infrequent but fairly regular intervals. In California,
in 1894, Rixford 2 and, in 1896, Rixford and Gilchrist + were impressed with
the similarity of this round parasite, which they also had seen at the autopsy
table, to coccidiosis, a parasitic disease of chickens, and accordingly called

1 Posada, A.: Un Nuevo Caso de Micosis Fungoidea con Psorospermias. An, d. Cire, Med. Argent. 15:
585—597, 1892. Cited by Moore, M.: Blastomycosis, Coccidioidal Granuloma, and Paracoccidioidal Granu-
loma, Arch. Dermat. & Syph. 38: 163-190, August 1938,

2 Wernicke, R.: Ueber einen Protozoenbefund bei Mycosis fungoides. Centralbl, f. Bakt. 12: 859861,
28 Dec, 1892, Cited by Moore, M.: Blastomyecosis, Coccidioidal Granuloma, and Paracoccioidal Granuloma.
Arch, Dermat. & Syph. 88: 163-190, August 1938.

3 Rixford, E.: A Case of Protozoic Dermatitis. Occidental M. Times 8: 704-707, December 1894. Cited
by Smith, C. E.; The Epidemiology of Acute Coceidioidomycosis With Erythema Nodosum (*‘San Joaquin”
or “Valley Fever”). Am. J. Pub. Health 30: 600—611, June 1940.

4+ Rixford, E., and Gilchrist, T. C.: Two Cases of Protozoan (Coccidioidal) Infection of the Skin
and Other Organs. Johns Hopkins Hosp. Rep. 1: 209-268, i896. Cited by Smith, C. E.: The Epidemiology
of Acute Coecidioidomycosis With Erythema Nodosum (““San Joaquin” or “Valley Fever”). Am. J. Pub.
Health 30: 600611, June 1940,
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it Coccidioides. The disease, coccidioidal granuloma, was usually fatal and
for years was described sporadically in the literature, almost always from
post mortem examination. In 1900, Ophiils and Moffitt > showed clearly in
a simple experiment that the spherules recovered from diseased tissue could
develop into a mycelial mat and that Coccidioides was therefore a “mould.”

Early in the settling of the southern part of the San Joaquin Valley,
Calif., people noted a nonrecurring, relatively mild disease, primarily
respiratory in nature, with symptoms similar to a cold or la grippe and
associated with red “bumps” on the legs or with a blotchy eruption. This
illness was called “Valley Fever,” was common, and was considered to be a
mild local condition. These “two” diseases continued to make themselves
felt, side by side, one common, more of a nuisance or discomfort, the other
relatively rare, severe, wasting, and usually ending in death.

In 1935 and 1936, Gifford and Dickson began to relate the two clinical
pictures and in 1937-38 published their very important papers showing
that coccidioidal granuloma was a relatively rare spread of the early mild
disease and never occurred without the other.® This immediately focused
more attention on the primary form with the grave threat overhanging it,
in what Dr. Karl F. Meyer of The George Williams Hooper Foundation,
University of California Medical Center, San Francisco, Calif., in discussion
called ‘“the renaissance of the disease.” With this much fuller clinieal pic-
ture, with the total number of patients infected with the fungus very much
greater than previously thought, and with the great gaps of information
still to be filled in, interest was aroused, cases were better described,
symptomatology became better known, and the time relationship between
the two stages became evident.

By 194041, it was possible to define the disease as an infection caused
by the fungus C. tmmitis, characterized by an acute respiratory syndrome
simulating a cold, influenza, or pneumonia and infrequently progressing
to a generalized chronic infection of a granulomatous type fatal in well
over 50 percent of the cases.

CAUSATIVE AGENT

Coccidiotdes tmmitis is a biphasic fungus growing as a mycelial mat
with aerial hyphae in its saprophytic phase—as on culture media—and as
spherules which multiply by endosporulation in the animal body.

5 Ophiils, W., and Moftitt, H. C.: A New Pathogenic Mould. Phila. M. J. 5: 1471-1472, 30 Jan. 1900.
Cited by Smith, C. E.: The Epidemiology of Acute Coccidioidomycosis With Erythema Nodosum (“San
Joaquin” or ‘“Valley Fever’”). Am. J. Pub. Health 30: 600-611, June 1940,

6 (1) Gifford, M. A.: San Joaquin Fever. [n Annual Report, Kern County Health Department for
Fiscal Year July 1, 1935, to June 30, 1936, pp. 22—28, and for Fiscal Year July 1, 1936, to June 30, 1937,
pp. 39-54. (2) Dickson, E. C.: “Valley Fever” of San Joaquin Valley and Fungus Coccidioides. Califor-
nia & West., Med. 47: 151-153, September 1937. (8) Dickson, E. C.: Coccidioidomycosis. J.A.M.A. 111:
1362-1364, 8 Oct. 1938, (4) Dickson, E. C., and Gifford, M. A.: Coccidioides Infection (Coccidioidomy-
cosis) ; II. The Primary Type of Infection. Arch. Int. Med, 62: 853871, November 1938,
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In its mycelial phase, the micro-organism sustains itself under a wide
variety of meager nutritional situations. It remains alive in dry soils, even
washed beach sand, in moderate temperatures for at least 7 years. Its ability
to withstand higher temperatures is related to humidity. It grows abun-
dantly in a pH range of 2.02 to 12.13.

On modified Sabouraud’s medium, the mycelial mat or phallus may
vary in appearance, but most commonly it is white and fluffy from above,
very slightly yellowed underneath, and frequently has a whiteness and

F1¢Uure 11.—Sputum culture of C. immi- Fieure 12.—Microscopic appearance of
tis on Sabouraud’s medium, showing white, old culture C. immitis, showing fragmented
cottony fungus growth. chlamydospores. This is the infective form

of the fungus occurring in nature.

translucence resembling a naphthalene mothball broken in two (fig. 11). A
speck fished from a 10- to 20-day-old colony and teased in a drop of water on
a slide has a very characteristic appearance when viewed under the dry
high power of a microscope. In varying amounts scattered through the
relatively dense mycelial mat are hyphae, with the following characteristics:

1. They branch at right angles.

2. They have swellings at irregular intervals best described as
“racqueting.”

3. They are segmented, and the more mature areas show an increasing
difference between adjacent segments, so that every other one becomes
barrel shaped while the ones in between atrophy. It is these barrel-shaped
segments (arthrospores) that can infect animals or man or repeat the
saprophytic cycle.

A culture of more than 10 days becomes increasingly dangerous as a
source of laboratory infection, and a 4-week-old culture while showing the
characteristics best is a menace (fig. 12).
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FIGURE 13.—Development of coccidioidal spherules. A. Chlamydospores in - tissue.
B. Chlamydospores rounding up to form spherules. C. Protoplasm appearing within the
spherule. D. Protoplasm divides into endospores. E. Mature spherule ruptures, releasing
endospores which are carried by lymphatics or by the bloodstream. Each endospore
increases in size, becomes a mature spherule, and repeats stages C, D, and E.

The home of the mycelial or saprophytic phase of the fungus now
appears to be the soil of the endemic areas, where it can be recovered in as
high as 40 percent of soil samples collected from the surface in the early
summer. In the parasitic phase, in the tissues of man or lower animal, the
arthrospores quickly round out into spherules, usually from 20 to 40 microns
in diameter, which have a very characteristic doubly refractile wall. As
these mature septae form within them and gradually wall off, approximately
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70 small pieces, which round out to become endospores, grow to the size of
mature spherules and in turn endosporulate (fig. 13). Not infrequently,
growth in a pulmonary cavity may resemble the saprophytic stage with my-
celia and formation of hyphae, but it is doubtful that these ripen. It is thus
apparent that spread of this disease is not by contagion from man to man
but from the environment to man by inhalation of the arthrospores.

SYMPTOMATOLOGY

The symptoms and signs of coccidioidomycosis, in its primary phase,
are best described as mimicing a cold, influenza, or primary atypical pneu-
monia; in its disseminated phase, as a generalized tuberculosis. About 60
percent of those infected, as evidenced by changing skin reactivity to
coccidioidin, have no symptoms. In that 40 percent of infected people who
become ill, the onset of coccidioidomycosis may be acute or gradual, and
the patients exhibit one or more, or a combination of, symptoms, as follows:

1. Fever is relatively mild and most common. Usually, the temperature
is not above 102° F., but it may reach 105° F. The fever lasts a short time—
from 4 to 5 days in most instances—but may continue as a low grade fever
for several months in uncomplicated primary coccidioidomycosis.

2. Chest pain varies from a mild sense of constriction to a pain severe
enough to be mistaken for a myocardial infarction or an acute abdominal
condition. ,

3. Cough, although most frequently present, is not very annoying to
the patient. It is more often dry than productive. The slight amount of
mucoid or mucopurulent sputum commonly raised frequently grows C. im-
mitis on culture.

4. Arthralgia in the back or the peripheral joints is similar to the
aching common in mild influenza and responds readily to salicylates.

5. Headache is usually mild and transitory; sometimes very severe,
almost neuralgic in character. It is most often frontal, or when very severe
postorbital, like the headache associated with malarial chills.

The symptoms just described occur in more than two-thirds of the
patients. Malaise, of varying degree, chills, night sweats, anorexia, and
pharyngitis occur in about one-third of the patients. Erythema nodosum
(the early trademark of the disease), erythema multiforme, and urticaria—
all of good prognostic significance—are seen in less than one-fifth of the
patients, erythema nodosum occurring three times as often in women as
in men.

The findings on physical examination vary somewhat with the symp- .
toms and range from a reddened throat without exudate to the dullness,
rales and rubs of a frank pneumonia, and include the allergic manifesta-
tions of erythema, nodosum or multiforme, and urticaria. Conjunctivitis is
not infrequent, and pleural effusion can occur,




54 INTERNAL MEDICINE

FIGURE 14.—Coverslip preparation showing a doubly contoured spherule without
protoplasm, one with undifferentiated protoplasm, and a mature spherule with charac-
teristic endospores.

LABORATORY EXAMINATIONS

Although the diagnostic proof of coccidioidomycosis could be said to
depend on finding the spherule (fig. 14) in sputum, discharge or pleural
fluid, or by growing out the saprophytic phase from such materials and
identifying the spherule after animal passage, there are other tests that are
most important. These are the coccidioidin skin test, the precipitin test, and
the complement fixation test.

Coccidioidin test.—The intracutaneous test with cocecidioidin, per-
formed and read like the tuberculin test, is the means of determining
whether a person has been infected with C. immitis. Of the greatest value
in an epidemiologic survey, the coccidioidin test is also very useful as a
diagnostic tool and in some cases indicates a degree of resistance. The
reaction is almost always positive in a person who has been infected with
the specific agent, although there is a slight cross-reactivity with histo-
plasmin or haplosporangin extract, and in an overwhelming disseminated
case of coccidioidomycosis the reaction may be negative. Otherwise, this
is a very dependable test; it can be repeated regularly without creating a
positive reaction in a noninfected subject, while a reaction, once positive,
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will remain positive for many years, if not for life. The material for the
test can be obtained commercially, but in the early days of its use it was
usually obtained from Dr. Charles E. Smith, Department of Public Health
and Preventive Medicine, Stanford University School of Medicine, Calif.
The material is prepared by growing 10 strains of C. immitis on the same
asparagin culture medium used for making tuberculin. Grown for 1 to 2
months, it is tested at intervals, and when shown to be potent the suspension
and extract are filtered through a Berkefeld filter and diluted with aqueous
Merthiolate (thimerosal) to a concentrate of 1:10,000. This is standardized
on infected and on normal individuals. This dilution is then referred to as
undiluted coccidioidin and is very stable, keeping its potency at room
temperature for at least 4 years. For testing purposes, it is diluted in normal
saline to 1:100 and to 1:1,000. The 1:100 dilution is used for routine
testing. The reaction is read at 36 to 48 hours.

Knowledge was at first inadequate concerning the immunologic mean-
ing of the coccidioidin test and, particularly, of its implications for the
soldier newly arrived in endemic regions. Subsequently, the important
observation was made that the disease might occur, but did not progress
to the severe disseminated form, in those who were positive to coccidioidin
on their arrival at their posts. Dissemination ocecurred only in those who
arrived uninfected, acquired infection, and then disseminated.” Further-
more, it was found that dissemination rarely occurred in patients with
primary infection accompanied by erythema nodosum which was an early
manifestation associated with high sensitivity to coccidioidin. The re-
action was frequently weak or negative in cases of severe (anergic) dis-
seminated disease. When negative personnel were retested, the incidence
of change to a positive reaction indicated a higher incidence of the com-
pletely “inapparent” or asymptomatic than of the clinically recognizable
disease. '

Aronson and his associates,® in studies of large population groups
in various parts of the United States including Alaska, had provided evi-
dence that “clinched” * the question of the specificity of the coccidioidin
test, in proper dosage. Within their wider field of inquiry, they found a
significant incidence, notably in a highly endemic region of Arizona, of
calcified pulmonary nodules in persons negative to tuberculin, positive to
coccidioidin. Forbus and Bestebreurtje !¢ found little evidence of calcifi-

7 Smith, C. E., Beard, R. R., and Saito, M. T.: Pathogenesis of Coccidioidomycosis With Special
Reference to Pulmonary Cavitation. Ann. Int. Med. 29: 623-655, October 1948.

S Aronson, J. D., Saylor, R, M., and Parr, E. I.: Relationship of Coccidioidomycosis to Calcified Pul-
monary Nodulés. Arch. Path. 34: 3148, July 1942.

9 Smith, C. E., Whiting, E. G., Baker, E. E., Rosenberger, H. G., Beard, R. R., and Saito, M. T.: The
Use of Coccidioidin, Am. Rev. Tuberc. 57: 320-360, April 1948, (Studies supported from 1987 to 1941 by
the Rosenberg Foundation, subsequently an activity of the Commission on Acute Respiratory Diseases,
Army Epidemiological Board, Office of The Surgeon General, carried out by the Department of Public
Health and Preventive Medicine, Stanford University School of Medicine.)

10 Forbus, W. D., and Bestebreurtje, A. M.: Coccidioidomycosis: A Study of 95 Cases of the Dis-
seminated Type With Special Reference to the Pathogenesis of the Disease. Mil. Surgeon 99: 653-719,
November 1946,
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cation in their autopsy material which was, however, derived from fatal
disseminated cases. Studying the primary disease in persons who, positive
to coccidioidin, died of other causes, Butt and Hoffman 1! found calcified
nodules interpreted as residua of healed or arrested coccidicidomycosis.
Cox and Smith *? identified arrested lesions, some of them calcified which
had been mistaken for tuberculosis in roentgenograms and at autopsy,
and, from one such calcified lesion, Smith 1* reported recovery of viable
Coccidioides.

Precipitin test.—The precipitin test becomes positive within the first
month of the disease, and, no matter what the course of the disease is,
it becomes negative again in 3 months. Its value lies in establishing the
fact that a given symptom picture represents the acute phase of cocci-
dioidomycosis. In the presence of nonspecific symptoms and a positive
cutaneous reaction to coccidioidin, a positive precipitin reaction would
indicate that the patient has a recently acquired case of coccidioidomy-
cosis. This test is of no prognostic significance.

Complement fixation test.—The complement fixation test is of both
diagnostic and prognostic significance. Its titer rises with the severity of
the infection, also beginning in the first month but continuing, and persist-
ing possibly, for months or many years. In general, complement fixation
in titers above 1-6 indicates disseminated disease. Except in a severe dis-
seminated case with anergy, the complement fixation and precipitin tests
will give negative results when the cutaneous reaction to coccidioidin is
negative.

Erythrocyte sedimentation rate.—Elevation of the erythrocyte sedi-
mentation rate in acute primary infection is of prognostic significance
and useful in following the course of primary or disseminated coccidioido-
mycosis.

CLINICAL COURSE

The benign primary form of the disease may occur without symptoms,
its only evidence being the change from a negative to a positive reaction
to coccidioidin. The course of a clinically apparent but uncomplicated case
of primary coccidioidomycosis varies from a mild picture resembling a
cold to a moderately severe case of bronchopneumonia with fever, cough,
chest pain, headache, generalized aching, and malaise. The duration is
related to the severity and may be for 2 or 3 days, or may last for 4 or 5
weeks with low grade fever.

1t Butt, E. M., and Hoffman, A. M.: Healed or Arrested Coccidioidomycosis; Correlation of Coccidioidin
Skin Tests With Autopsy Findings., Am. J. Path. 21: 485-505, May 1945,
12 Cox, A. J., and Smith, C. E.: Arrested Pulmonary Cccecidicidal Granuloma. Arch. Path, 27: T17-
%35, 1939.
13 Smith, C. E.: Parallelism of Coccidioidal and Tuberculous Infections. Radiology 38: 643—648, June
1942,
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A number of complications may be associated with the primary
phase, and these should not be confused with dissemination. Excavation
may occur in a pneumonia area or, more frequently, may appear as a ten-
sion cavity with little surrounding infiltration. It does not have the
worrisome connotation of a tuberculous cavity but usually heals in from
4 to 8 months with or without bed rest. Excavation, as observed for years,
has not resulted in dissemination nor has it been a source of infection
in others.’* Hemorrhage may be associated with the cavity, and this is
occasionally severe. A bronchopleural fistula may result from the cavity
and this in turn may lead to empyema or pyopneumothorax. All of these
may occur and the patient be quite ill but still with a primary coccidioido-
mycosis and with an excellent prognosis. If troublesome, these manifesta-
tions may be relieved by surgery.

Not until the disease passes through the hilar lymph glands and
leaves the chest, most frequently causing an abscess in the left supra-
clavicular area, has dissemination occurred. When this happens, the
prognosis has suddenly changed, and what was a benign disease with
virtually no mortality has now become a malignant disease with a mor-
tality of 50 percent for white patients and up to 85 percent in the dark-
skinned races. Dissemination occurs in a little over 1 percent of the
clinically diagnosed white patients, in from 3 to 4 percent of clinically
diagnosed Spanish-American patients, from 12 to 14 percent of clinically
diagnosed Negroes, and in almost all Filipinos clinically diagnosed.

The disseminated disease is protean in its manifestations. Abscesses
may form anywhere in the body (fig. 15), including the subcutaneous tis-
sues, muscle, bone, organs, and the central nervous system. The peri-
cardium and the myocardium may be affected, and meningitis is a commen
cause of death. Bony lesions (fig. 16) are usually multiple and are cystlike,
sharply circumscribed lesions with minimal surrounding reaction. They
oceur most commonly in the prominences of cancellous bones. In the long
bones, they are more frequently formed near the ends of, and may extend
into, the joints.

The course of disseminated coccidioidomycosis may be steadily and
rapidly downhill with meningitis and death occuring in 3 to 4 months
from the onset of the primary disease, or it may follow a very slow course
with remissions and exacerbations (figs. 17 through 20). There may even
be periods of a year or two when the disease is apparently gone, only to
return with the opening up of a fistulous tract from some active bony
lesion.

14 The possibility of spread from person to person cannot be completely dismissed in view of the dem-
onstration, in a few postwar cases, of the mycelial form of Coccidioides in pulmonary cavities (see foot-
note 7. p. 55. Reported also by (1) Greer, 8. J., Forsee, J. H., and Mahon, H. W.: Surgical Management
of Pulmonary Coccidicidomycosis in Focalized Lesions. J. Thoracic Surg. 18: 589-601, October 1949; (2)
Weisel, W., and Owen, G. C.: Pulmonary Resection for Coccidioidomycosis: Report of a Case. J. Thoracic
Surg. 18: 678, October 1949). Nevertheless, Schwarz and Muth (Schwarz, J., and Muth, J.: Coccidioido-
mycosis: A Review. Am. J.M. Se. 221: 89-107, January 1951), in their review, could still say ‘‘secondary
infections in families of patients have never been demonstrated.”
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FIGURE 15.—Characteristic skin granulomata on the forehead. This patient also had
a smaller skin lesion on the trunk and had roentgenographic evidence of pulmonary infil-
tration with hilar gland involvement.

The course may be associated with a minimum of temperature ele-
vation or the temperature may be high. Increasing weakness, lassitude,
anorexia, and loss of weight are typical. Individual abscesses may heal
spontaneously in from 4 to 6 months or faster when irrigated, but new
ones come. Bony lesions show healing and new bone formation, but new
lesions form. Meningitis is like a tuberculous meningitis with the major

F1GURE 16.—Cystlike areas of destruction in the distal tibia, malleoli, and talus.
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FIGURE 17.—Progressive coccidioidomycosis (coccidioidal granuloma). Massive media-
stinal lymphadenopathy simulating lymphoblastoma. General dissemination with fatal ter-
mination 4 months after onset.

FIGURE 18.—Progressive coccidioidomycosis (coccidioidal granuloma). Dense shadow
projecting from the right mediastinal border consisting of mediastinal lymphadenopathy
with suppuration and associated parenchymal infiltration. Terminal miliary dissemination.
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F1GURE 19.—Progressive coccidioidomycosis (coccidioidal granuloma). Diffuse pneu-
monia-like infiltration radiating from the right hilum. Broad mediastinum due to asso-

ciated lymphadenopathy.

FIGURE 20.—Progressive coccidioidomycosis (coccidioidal granuloma). Extensive dif-
fuse nodular infiltration through both lungs. Confluent zone of consolidation at the left
apex. Mediastinal lymphadenopathy.
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danger from loculation, obstruction, and increased intracranial pressure.
It is almost always fatal.

The course of disseminated coccidioidomycosis is best followed by
careful observation of the changing clinical picture and by the use of the
complement fixation test, the latter being the best index of course and
prognosis. A rising titer of complement fixation is definitely indicative of
a spreading infection. A rising titer in the presence of a weakening cocci-
dioidin skin reaction is a matter of very grave concern, usually followed by
death in a month or two.

In Army experience, the disseminated phase, when it occurred, fol-
lowed close upon the heels of the primary phase. A study '® of the autopsy
and biopsy material from cases in military personnel, including all fatal
cases, suggested that the danger of dissemination (endogenous spread)
would remain, long after the war, in persons who had been exposed in
endemic areas. Clinical observations, however, confirmed -by the passage
of time, does not indicate that this danger exists in those who did not
promptly show themselves, by dissemination, to be “immunologically de-
fective” with respect to this disease.*¢

OBSERVATION AND EXPERIENCE

As knowledge of the disease gradually increased during some 50
years, roentgenographic studies lagged behind clinical investigation until
" the war provided opportunity to make serial studies of suitable patients
in considerable numbers (figs. 21 through 30). It was generally agreed
that the diagnosis could not be made from roentgenograms alone. Carter,?
in 1931, noted that the pulmonary lesions might resemble tuberculosis or
might even more closely resemble blastomycosis. Rosenberg and his asso-
ciates,’® in a study at the Mayo Clinic, Rochester, Minn., in 1942, noted
that differential diagnosis between blastomycosis, coccidioidomycosis, and
torulosis from roentgenographic appearances was difficult or, in seme
cases, impossible. Carter,'® in 1942, commented, as follows:

15 See footnote 10, p. 55.

16 “Army, experience * * ¥ has indicated that dissemination occurs soon after the first infection * * *
frequently within a matter of weeks and infrequently after months. It rarely oceurs in the second year after
infection * Once dissemination ensues, the risk of continued dissemination is great though remission
may oceur. * ¥ * none of our military coccidioidal patients, of whom we had records of thousands, has ever
been reported to us as having undergone a postwar dissemination. * * ¥ We have never seen dissemination
oceur in a patient with coccidioidal excavation. Recently Kurz and Loud have reported one [a postwar case,
with recovery, of granulomatous cutaneous lesion developing at the site of a trauma, published in the 23
October 1947 issue of the New England Journal of Medicine], a very unusual case.”” (Cited from report by
Smith and his associates, footnote 7, p. 55.)

17 Carter, R. A.: Coccidioidal Granuloma: Roentgen Diagnosis. Am. J. Roentgenol. 25: 715-738, June
1931,

18 Rosenberg, E, F., Dockerty, M. D., and Meyerding, H. W.: Coccidioidal Arthritis. Arch, Int. Med. 69:
238-250, February 1942.

19 Carter, R. A.: Roentgen Diagnosis of Fungous Infections of Lungs With Special Reference to Cocei-
dicidomycosis. Radiology 38: 639—659, June 1942,
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Fungus diseases of the lungs share with tuberculosis the characteristics to be expected
when there is organized cellular response to infection. These include involvement of the
lymph nodes; persistent parenchymal lesions of many forms, massive, nodular and miliary;
variously appearing diffuse infiltrations, none of them characteristic of any specific dis-
ease. The predilections of these differ somewhat from disease to disease.

Carter noted that cases showing in the late stage of dissemination
a miliary lesion in the lungs associated with meningitis were especially
likely to be mistaken for tuberculosis. Such late pulmonary involvement
often occurred as a result of hematogenous spread.

The Army control program, with its coccidioidin tests and repeated
roentgenographic examinations, discovered several hundred clinical and
several thousand subclinical cases. Observation of cases in hospital showed
the short, self-limited course in the majority, while a small percentage per-
sisted for many weeks or months, and a few ended fatally. Colburn ="
studied 75 cases in Army personnel roentgenographically, with careful
followup observations; the clinical details were reported by Goldstein and
Louie.?! The pulmonary changes cleared completely within 3 or 4 months,
and all 75 patients were eventually returned to duty, although dissemi-
nation did occur in one case.” At the Regional Hospital, Santa Ana Army
Air Base, Calif., to which most of the severe or prolonged cases were
transferred, another study was made by Jamison ** of 96 such cases ob-
served closely in roentgenograms for periods of from 2 to 21 months.

Among these, there was a group of 23 cases with nodular parenchymal
lesions, situated most frequently in the midpart of the lung, less often in
the lower part, least often in the apical and subapical regions. In a second
group of 35 cases, there were thin-walled, cystlike cavities, occurring less
often in the upper than in the middle field of the lung and least often in
the lower. In a third group, there was persistent pneumonitis, ranging
from lesions occupying a third of the lung to small foci in the hilum. These
were primary infections that had ‘“failed to resolve or focalize as nodular
or cystic lesions.” In the 12 cases of disseminated disease, there was con-
spicuous involvement of lymph nodes and, finally, a rapidly developing
miliary spread, becoming confluent. The roentgenographic appearances as
described were often not dissimilar to tuberculosis but differed widely
from tuberculosis in their clinical and epidemiologic significance.

Cavities, as has been noted, may go entirely unnoticed clinically, or
may cause some inconvenience, but present no serious threat to life or to
public health, persisting sometimes for months, or for years,* and finally

20 Colburn, J. R.: Roentgenological Types of Pulmonary Lesions in Primary Coccidioidomycosis. Am. J.
Roentgenel. 51: 1-8, January 1944.

21 Goldstein, D. M., and Louie, 5.: Primary Pulmonary Coccidioidomycosis; Report of an Epidemic of
75 Cases. War Med., 4: 299-317, September 1943.

22 Extended studies have shown a more favorable course in disseminations occurring at a considerable
interval after the initial infection.

22 Jamison, H. W.: A Roentgen Study of Chronic Pulmonary Coccidioidomyeosis. Am. J. Roentgenocl.
55: 396412, April 1946.

2¢ See footnote 7, p. 55.
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FIGURE 21 —Primary coccidioidomycosis. Left hilar thickening. Slight prominence of right
mediastinal border due to moderate lymphadenopathy.

FIGURE 22.—Primary coccidioidomycosis. Fuzzy peribronchial right hilar thickening.
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FIGURE 23.—Primary coccidioidomycosis. Pneumonia-like infiltration in the right lower
lung field, which practically cleared after an interval of 1 week.

FIGURE 24.—Primary coccidioidomycosis. Patchy and strandlike infiltrations resem-
bling tuberculosis at both apices and subapices. Note the thin-walled cavities just below
the clavicles on each side.
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FIGURE 25.—Primary coccidioidomycosis. Small amount of infiltration at the left base
associated with slight pleural effusion.

FIGURE 26.—Primary coccidioidomycosis. An unusual case, showing multiple nodular
foei simulating metastatic carcinoma or multiple septic emboli. Central cavitation is visible
in some of the nodules. The patient has shown progressive improvement both clinically
and radiographically without evidence of extra thoracic dissemination.
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FIGURE 27.—Primary coccidioidomycosis. The massive hilar and mediastinal lympha-
denopathy is unusual in primary infections. Observe the local zone of consolidation in
the right lower lobe and compare with figure 28.

FIGURE 28.— Primary coccidioidomycosis. The mediastinal and hilar lymphadenopathy
shown in figure 27 has regressed after a period of 6 weeks; the local zone of infiltration at
the right base has been replaced by an isolated ringlike cavity.
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FIGURE 29.—Primary coccidioidomycosis. The mediastinal and hilar lymphadenopathy
shown in figure 28 has further regressed after a period of 10 weeks; the cavity previously
present has disappeared leaving a residual nodule.

FIGURE 30.—Primary coccidioidomyeosis. Ringlike cavity in the right subeclavicular
region simulating tuberculosis. The wall of the cavity became pencil thin after a 3 months’
interval, resembling that of a congenital cyst. The outlines of this cystlike lesion then
gradually “melted away” after a 6 months’ interval.
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closing without rest or other treatment. Some provoke cough and hemo-
ptysis, some are associated with chest pain or weakness, and in these
cases surgery may be done. Experience during and immediately following
World War II showed that there was no danger of endogenous spread
following surgery and that other complications can now be prevented by
the use of chemotherapy.”® The typical coccidioidal cavity, repeatedly ob-
served in Army studies,? is thin walled, cystlike, not surrounded by in-
filtration, often fluctuating, sometimes widely. Cavities developing as
central excavation of nodular foci are smaller and their walls are thicker.
In studies of the bones and joints, it was again found difficult or im-
possible to make the diagnosis on the roentgenographic evidence alone
(fig. 31).%" From the investigation at the Mayo Clinic are drawn the fol-
lowing comments on the arthritic changes observed in roentgenograms:

Early lesions are characterized by regions of destruction in articular surfaces, often
with evidence of swelling of overlying soft tissues. Cartilage may be destroyed and joint
spaces narrowed * * *, Later lesions in joints may cause complete disappearance of joint
spaces, more extensive zones of destruction in articular spaces and, in some instances,
ankylosis. These lesions have been commonly mistaken for those of tuberculous arthritis.
Carter pointed out that arthritis both in coccidioidal granuloma and in tuberculosis * * *
shows little tendency to heal by production of bone * * *. Taylor found the destructive
process in bones, as shown by roentgenograms, to be distinguished by an intensity and
rapidity of development not often noted in the presence of tuberculosis.

Such lesions, Rosenberg and his associates stated:

* * % are fairly commonly encountered [in the chronic granulomatous phase of cocci-
dioidomycosis]. Among 256 cases tabulated in the report of the California Department
of Public Health in 1931, involvement of joints was noted in 79 * * *, Often, several joints
are involved at one time. Affected joints have in this particular phase of the disease first
the appearance of acute, later of chronie, arthritis. Early, the joints are swollen and red;
later, fluctuation may appear. Nodular lesions may develop in the skin overlying affected
joints * * * may ulcerate and discharge pus containing C. immitis. McMaster and Gilfillan
expressed the opinion that joints may be primarily affected by direct involvement of the
synovial membrane or infection may extend to joints from adjacent foci of coccidioidal
osteomyelitis.

Similarly, in 1942, Benninghoven and Miller 2 described joint in-
volvement as of— '

Two distinctly different types: (a) purely synovial, (b) synovial with subarticular
destruction indistinguishable from tuberculosis. Usually synovial involvement is seen as
a large swelling of the joint capsule. Occasionally there is periosteal new bone formation
on adjacent bone. This is thought to be a reactive rather than an infective process. In the

28 See footnote 21, p. 62.

2 (1) Winn, W. A.: Pulmonary Cavitation Associated With Coccidioidal Infection. Arch. Int. Med. 68:
1179-1214, 1941. (2) Winn, W, A,, and Johnson, G. H.: Primary Coccidioidomycosis; Roentgenographic
Study of 40 Cases., Ann. Int. Med. 17: 407—422, September 3942. (3) Sweigert, C. F., Turner, J. W., and
Gillespie, J. B.: Clinical and Roentgenclogical Aspects of Cocecidioidomycosis. Am. J.M. Sc. 212: 652673,
December 1946.

27 (1) Benninghoven, C. D., and Miller, E. R.: Coccidioidal Infection in Bone. Radiology 38: 663—668,
June 1942, (2) Carter, R. A.: Infectious Granulomas of Bones and Joints, With Special Reference to Cocci-
dioidal Granuloma, Radiology 23: 1-16, July 1934,

28 See footnote 27 (1).
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FIGURE 31.— Progressive coccidioidomycosis (coccidioidal granuloma). A and B. De-
structive arthritis involving non-weight-bearing portions of joint. C. Proliferative perio-
stitis at anterior surface of patella.
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lesions that are indistinguishable from tuberculosis there is capsular swelling, marked
periarticular osteoporosis, with cartilage and subarticular destruction of bone on both
sides of the joint.

The investigators at the Mayo Clinic, turning to the benign primary
disease, the “valley fever” of earlier writers, refer to its acute onset,
with malaise, general aches and pains, “toxic erythema,” sore throat,
fever, and occasionally signs of bronchopneumonia. From 8 to 15 days
after onset, at a time when there appears to be a general improvement of
the patient’s condition, lesions typical of erythema nodosum may appear,
mainly on the shins, occasionally elsewhere. Roentgenographic examination
of the thorax at this time usually discloses opaque regions that suggest the
diagnosis of tuberculosis. Signs of acute arthritis develop in about one-
third of these patients, usually appearing simultaneously with the ery-
thema nodosum.® Joints are tender to pressure, painful on motion, and
sometimes slightly swollen. Effusion and suppuration are not observed.
Sometimes arthritis, conjunctivitis, and erythema nodosum appear to-
gether, persist about a month, and disappear at approximately the same
time. In these cases, with their characteristically uneventful clearing,
there is no residual damage or deformity of joints. Among older people,
the arthritis was said to be more prolonged.

PATHOLOGY

Thus, knowledge of coccidioidomycosis, during little more than the
half century since the problem was recognized, has necessarily been de-
rived chiefly from clinical studies with, increasingly, roentgenographic
observation. The anatomic changes seen in the severe disseminated form
of the disease in material collected at the Army Institute of Pathology,
Washington, D.C. (50 cases with autopsy, 45 with biopsy only), were
reported and illustrated in detail at the close of World War I1.3° Anatomic
changes in the mild uneventful case, or in the asymptomatic cases, could
not be so studied except in the rarer event of observations made on per-
sons known to have been positive to coccidioidin, negative to tuberculin
(without tuberculous anergy), and coming to autopsy by reason of other
causes.?!

The pathologic picture of the primary coccidioidal infection as seen
in infected animals is that of an interstitial pneumonia, and the response
may be leukocytic. Disseminated coccidioidomycosis as seen in man at the
autopsy table is as its earlier named indicated—a granulomatous disease,
and strikingly similar to tuberculosis—with the spherule to be seen in
the tubercle. The spread at first is probably lymphatic to the supraclavic-

2 Faber, H. K., Smith, C. E., and Dickson, E. C.: Acute Coccidioidomycosis With Erythema Nodosum in
Children. J. Pediat. 15: 153-171, August 1939,

30 See footnote 10, p. 55.
31 See footnote 11, p. 56,
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FIGURE 32.—Tissue section of coccidioidal granuloma showing a characteristic mature
endosporulation spherule within a giant cell.

ular area, but after this first extrapulmonary abscess it spreads to the
rest of the body through the bloodstream. No system, organ, or tissue
seems immune, and the lesions are seen everywhere. Suppuration is char-
acteristic of the bone involvement which otherwise resembles osteomyelitis.
The typical elementary lesion of disseminated coccidioidomycosis is a
small tubercle, granulomatous, with proliferation of epithelioid cells (fig.
32) and with giant cells containing spherules scattered in the caseous
material. In the lungs, there may be areas of focal suppuration with
thickening of the alveolar wall, together with fibroblastic proliferation,
edema, and infiltration of plasma cells and neutrophiles in the interstitial
tissues.

Diagnosis

The diagnosis of primary coccidioidomycosis is made on the basis of
the clinical picture, following opportunity for infection, in conjunction
with a changing (negative to positive) coccidioidin skin test and a positive
precipitin test. Its corroboration depends on culturing C. immitis from
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the sputum, gastric washings, or pleural fluid and by identifying the
doubly refractile walled spherule in mice or guinea pigs inoculated with
the culture.

The diagnosis of disseminated coccidioidomycosis depends on the
development of its protean clinical picture and the increasing titer of
complement fixation, 1-16 usually being taken as the differential point.
In the disseminated disease, the fungus may be grown from sinus dis-
charge, biopsies, pleural effusion, or spinal fluid. Roentgenographic evi-
dence of bony or soft-tissue lesions are of definite assistance in making a
diagnosis of disseminated disease. Pulmonary infiltrations of coccidioido-
mycosis cannot be differentiated from other diseases of the lungs by
roentgenographic evidence alone.

Treatment

The treatment of primary coccidioidomycosis during World War 1I
was essentially symptomatic, aspirin being the most useful single drug,
but the possibility of dissemination was never forgotten and, if symptoms
persisted or there was a rising complement fixation titer, conservative
handling consisting primarily of bed rest and good diet was considered
important. Temperature, leukocyte count, and sedimentation rates were
useful guides in determining how much activity should be allowed. In
general, with a slight elevation of temperature, an elevated white blood
count, an elevated sedimentation rate, and a rising titer of complement
fixation, the patient was kept in bed to lessen the possibility of dissemi-
nation.

Many methods of therapy have been hopefully instituted in an effort
to cure disseminated coccidioidomycosis. Few have been of any specific
value, until recently, in the treatment of this phase of the disease.®> Of all,
effective results have been obtained with one basic regimen; namely, bed
rest and supportive measures—the only real treatment of tuberculosis of
a few decades ago. Many are the patients who have seemed moribund,
with complement fixation in titers about 1:256, with numerous draining
sinuses, with continual elevations of temperature, and with extreme loss
of weight, who on bed rest plus a high-protein, high-caloric diet, and
supplemental vitamins have improved clinically and serologically and have
left the hospital apparently cured.

12 The advent of the antibiotic Amphotericin B, related to streptomyecin, and its effective use in the care
of coccidioidomyecosis patients, took place subsequent to submission of this chapter for publication. Ampho-

tericin B is, apparently, the only effective drug thus far. Results are reported as excellent in early infections
and encouraging even in chronic cases, although not as dramatic as those obtained in chronic blastomycosis

with the drug.—A.L.A,
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COCCIDIOIDOMYCOSIS IN THE ARMY AIR FORCES %

In 1940-41, the Army Air Forces began establishing airfields in the
San Joaquin Valley as a first step in its training program. The high per-
centage of days with good flying weather and the unlimited space for
emergency landing fields made this country very desirable for training.
This region was part of the Ninth Corps Area (later the Ninth Service
Command). Dr. Walter T. Harrison, the U.S. Public Health Service liaison
officer in the Office of the Surgeon, Ninth Corps Area, alerted both the
surgeon of the corps area and the headquarters staff of the West Coast
Training Center to the environmental health hazard—coccidicidomycosis.

Dr. Smith, professor of public health at Stanford University School
of Medicine, had just published (June 1940) in the American Journal of
Public Health his study of the epidemiology of acute coccidioidomycosis
with erythema nodosum in the San Joaquin Valley. This was a broad,
17-month study in Kern and Tulare Counties of 432 patients with the
disease called San Joaquin Valley fever (with erythema nodosum), or
valley fever, or desert rheumatism, and frequently confused with influ-
enza, pneumonia, tuberculosis, measles, smallpox, poliomyelitis, typhoid
fever, and syphilis. Dr. Smith observed that the incubation period was
from 1 to 3 weeks, most frequently 2, and that coccidioidin sensitivity
was established about 2 weeks after onset of symptoms with a variation
of 2 to 17 days. He learned that erythema nodosum was associated with
the hypersensitivity of a freshly. acquired coccidioidin reaction and that
this reaction, like tuberculin sensitivity, was of long duration. His study
also indicated that the disease was acquired by inhalation of chlamy-
dospores, that spherules or endospores did not pass the disease from host
to host, and that the seasonal incidence of the disease was related to the
climate and agricultural activities with a peak in the dusty windy fall and
an ebb in the wet winter. The benign ‘“valley fever,” as measured by
patients with erythema nodosum, was shown to be most common in white
females while the coccidioidal granuloma, or disseminated form, was most
common in dark-skinned males. Approximately 50 percent of patients ac-
quiring the disease had lived in the Valley less than 1 year and only
one-ninth over 10 years. This led to the conclusion that most residents of
the region were infected eventually, with 5 percent or less developing
erythema nodosum. Therefore, these 432 patients with erythema nodosum
represent 8 to 10,000 patients with coccidioidomycosis.

Of the ecology of the micro-organism, little was known. It had been
isolated from soil, though with difficulty, and it was known to be a bi-

38 For information to supplement the discussion of coccidioidomycosis in the Army Air Forces, Army
Ground Forces (pp. 81-85), and prisoners of war (pp. 85-8Y), as presented in this volume, reference is
made to Smith, Charles Edward: Coccidioidomycosis. In Medical Department, United States Army. Preven-
tive Medicine in World War II. Volume 1V. Communicable Diseases. Washington: U.S. Government Print-
ing Office, 1958, pp. 285-3816.
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phasic fungus. The prevailing theory, based on animal trapping, con-
sidered rodents (particularly pocket mice and kangaroo rats) as the
reservoir hosts of the disease.

The timely publication of this well-studied series helped to lessen the
impact of the unfamiliar disease on the Armed Forces and provided a
broad scientific basis for further study.

Because of his knowledge of the disease, Dr. Smith was brought into
the problem as it concerned the command active in the area. A meeting
was arranged for Dr. Smith to discuss the matter with the headquarters
staff of the West Coast Training Center—Brig. Gen. Henry W. Harms,
Commanding General; Lt. Col. (later Brig. Gen.) Charles R. Glenn, MC,
Senior Flight Surgeon; and Maj. Otis B. Schreuder, MC. After consulta-
tion, it was decided that a detailed study, clinical and epidemiologic,
should be made.

Early Planning

On 24 February 1941, Col. H. R. Beery, MC, Surgeon, Ninth Corps
Area, wrote to Col. (later Brig. Gen.) Charles C. Hillman, MC, Assistant
to The Surgeon General, enclosing a copy of Smith’s paper on epidemi-
ology. In his letter, Colonel Beery pointed out that the weather, which
elsewhere had been bad for flying, was excellent where the San Joaquin
Valley flying fields were being built. He further advised:

* # % J. P. Leake, Medical Director, U.S. Public Health, on duty in Office of The Sux-
geon General of that Service is familiar with the condition existing in the Valley. * * *
Colonel [ (later Brig. Gen.) Condon C.] McCornack, Surgeon 4th Army, is familiar with
the situation and will see that no Army Maneuvers are held in the affected area * * *,
The Board appointed by this headquarters for the purpose of locating new camp sites will
leave the San Joaquin Valley out of the picture.

The Surgeon General’s Office concurred in the thought that the Air
Corps was justified in developing flying fields in the Valley and also with
Colonel McCornack’s decision not to hold Army maneuvers there.

At the same time that this problem was being approached and
studied through the normal Army channels, it also became the subject of
interest to the Commission on Epidemiological Survey, Board for the
Investigation of Epidemic Diseases in the Army, Preventive Medicine
Division, Office of The Surgeon General. This body, wisely created under
the leadership of Dr. Francis Blake and Dr. Stanhope Bayne-Jones for
the purposes that the name implies, established a division in the Ninth
Corps Area with Dr. Edwin W. Schultz, as director, and Dr. Edward B.
Shaw and Dr. Smith, as members. A program was planned that would
minimize coccidioidal infection in the San Joaquin Valley and at the
same time carry on research into its epidemiology. This plan of study
was worked out by Drs. Smith, Bayne-Jones, and Blake and approved on
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21 June 1941 by the Commission on Epidemiological Survey. Less orthodox
channels, more sensitive to time and based on need and friendship, were
also established between the Office of Thé Surgeon General (Col. (later
Brig. Gen.) James S. Simmons, MC) and the West Coast Training Center.

Dr. Smith had been working on a grant from the Rosenberg Founda-
tion. This grant was generously continued and supported the work at the
airfields for the first 4 months, until more logical support could be obtained
from the Army. Whether one wants to call this private injection into the
great war machinery of the nation “pump priming” or “fusing,” it served
a great and helpful purpose and brought about a considerable speeding
up of the work at a time when many decisions involving large masses of
troops were being made every day.

It was planned through the coccidioidin test to learn who had or had
not had the disease before coming to stations in the infected areas and, by
repeated testing of ‘“negatives” until they changed to “positives,” to deter-
mine the proportion of those infected who really became ill with definite
symptoms. The investigators expected to learn the variation in infection
rate at different times of the year, and what influenced that rate. And it
was hoped that they might evaluate the early and conservative treatment
of the disease, and any other treatment that might shorten its course or
save life in the disseminated disease. The study was in fact to throw im-
portant light on the meaning of the coccidioidin reaction and on the nature
of resistance in this disease (pp. 54-56).

Institution of Program, West Coast Training Center

As this study got underway, it did so against a background familiar
to most people going through Army training; namely, dust (four plus)
or mud (four plus). When the program was started in July 1941 at Minter
Field, Bakersfield, Calif., the background and the foreground were dust,
with tents, informal equipment, and a frontier atmosphere of something
great about to happen. The permanent staff of the Minter Field and the
Gardner Field at Taft, Calif., was skin tested with coccidioidin, and 2Q
percent of those not already infected were found to convert from a nega-
tive to a positive reaction in the next 6 weeks.

It was soon apparent that the infection rate for coccidioidomycosis
was highest at the two airfields nearest Bakersfield ; namely, Gardner and
Minter. (It is also apparent from the correspondence that more than one
person in Washington, D.C., thought “Bakersfield” was yet another flying
field.) The airfield at Lemoore, Calif., 50 miles to the north, had a lower
rate, and the one at Merced in the northern part of the San Joaquin Valley,
less than 150 miles from Gardner, had no coccidioidomycosis that was in-
dubitably incurred at that field.
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The study showed a seasonal variation in infection rate with a high
in the latter part of the summer toward the end of the dry season and a
low in the wet winter and spring. During the period when much building
was in progress, the dust or mud was terrific, and in the dusty month of
August 1941 over 5 percent of the susceptible personnel at Minter Field
were infected. With the tapering off of construction, the planting of lawns,
the paving of roads and airstrips, the change from field to aquatic sports
and, of course, possible other factors, the incidence of coccidioidal infec-
tions was halved.

At a later period during the war, Dr. Smith noted one other possible
factor influencing the infection rate; namely, that the 2 years with the
highest incidence were preceded by the wettest winters. This extra rain,
he thought, might help the growth of the fungus in nature (wherever that
might be). Subsequent work would indicate that he was right.

On 20 October 1941, Dr. Smith wrote to Dr. Bayne-Jones, Depart-
ment of Bacteriology, Yale University School of Medicine, New Haven,
Conn., and director of the Commission on Epidemiological Survey, briefly
outlining the progress of the coccidicidomycosis study up to that time.
In this letter, as in others, Dr. Smith emphasized the intense interest and
enthusiastic cooperation given the study by Colonel Glenn. Colonel Glenn,
being a personal friend of Colonel Simmons, also was frequently able to
shorten the line of communication without giving offense. Again, as in
other letters, Dr. Smith spoke appreciatively of the great contributions
made, both administratively and professionally, by Major Schreuder and
by the flight surgeons of the two basic training centers (Maj. (later Lt.
Col.) John E. Roberts, MC, and Maj. (later Lt. Col.) Robert R. Estill, MC)
and their staffs, and praised the warm cooperation of the numerous doc-
tors, aidmen, and others who made this work possible.

Dr. Smith reported that more than 2,000 men had been tested with
coccidioidin. Handicapped by their irregular arrivals at camp and the fre-
quent shifts of men from organization, the investigators concentrated on
skin testing the recent arrivals. Until the population of the camps could
be stabilized, it was thought useless to attempt to retest any who did not
have clinical symptoms. Under these difficult conditions, some significant
observations were nonetheless made as follows:

The men from the east and midwest are all negative to coccidioidin. Quite a few from
central and western Texas, New Mexico, and Arizona and, of course, the San Joaquin
Valley of California react to the material. Besides these areas we have had a few reac-
tors from Nevada, Southern Utah, Idaho and Montana, indicating the possibility of
these areas as previously unrecognized endemic foci. However, the numbers from these
sparsely settled regions are still too small and only when we have the camps fully tested
should we have a sufficiently large group from which to draw any deductions. Thus any
comments at the present time on the distribution of the positive reactors of the “control”

test would seem to me premature.
When we were down in the middle of September there had been a recent sharp
increase in the number of cases of coceidioidal infection and during the week we saw ten
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active cases at the Bakersfield Camp. As we hoped, the fact that the men had been tested
with the coceidioidin proved a very great practical use in establishing diagnosis, for all
that was necessary was to repeat the test and when it was positive, in view of previous
negative record a copy of which is on file at the camp, a diagnosis was established.

The work of testing, tabulating, evaluating symptoms and treatment,
and pointing up new areas of endemicity continued. This was not easy and
was opportunist work as the Army moved personnel in and out. Dr. Smith
continued to supply the coccidioidin and to perform the serology in his
laboratory at Stanford University. In July 1942, the Commission on Epi-
demiological Survey took over the financial responsibility for the work
being done by him and his coworkers under Contract W709 md—294.

On 2 January 1942, Dr. Schultz forwarded through Dr. Bayne-Jones,
to Dr. Blake, President, Board for the Investigation of Epidemic Diseases,
U.S. Army, a report prepared by Dr. Smith on the investigation of coccidi-
oidomycosis in the Kern County, Calif., Air Corps Basic Flying Schools,
West Coast Training Center, July through November 1941. In this complete
report of the work so far accomplished, Dr. Smith brought out the method
by which the coccidioidin-testing program was carried out, this being the
basis for study of the epidemiology of this disease.

Following visits made solely for the purpose of educating medical
officers on coccidioidomycosis, coccidioidin testing had been started on the
Bakersfield group (Minter Field) on 13 July and on the Taft group (Gard-
ner Field) on 20 July. The patients sick with the disease were seen in
consultation. Lists of all nonreactors were kept at the station hospitals, and,
if a man with a negative skin reaction appeared at sick call with specific
symptoms, a retest with coccidioidin usually established the diagnosis (by
a positive reaction) or ruled it out (by continued negative reaction). Skin-
testing surveys being done for epidemiologic reasons thus became a very
important part in the laboratory diagnosis of coccidioidomycosis.

The correlation between the positive skin reactions and residence at
the time of entry into the Army indicated that Arizona and California
had heavily infected populations, with Texas showing 12 percent of its
men positive. In striking contrast were the consistently negative results
found in men coming from the Eastern or Mideastern States, bearing
out other evidence that the distribution of C. immitis is restricted to arid,
dusty regions. The study also, and very importantly, indicated a high degree
of specificity of the coccidioidin skin test, and, because relatively few re-
actors could recall any specific illness suggesting their primary infection,
it brought out the relative infrequency with which the infection is recog-
nized. The diagnosis of primary coccidioidomycosis was made in 66 cases,
of which 44 required hospitalization with an average stay of 14 days.

Because it was still not feasible to do repeat testing in an organized
way, it was thought that many “converters” were missed, having changed
over without being sick. October was the peak of the season and with the
onset of winter rains the incidence dropped very markedly. Over half of
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those who became ill with the disease had been in camp less than 2 months.
Smith suggested that, because of the immunity conferred by a single infec-
tion, the personnel in these endemic areas be stabilized, including the medi-
cal personnel for the additional purpose that they become increasingly
expert in recognizing and handling the disease. He recommended that the
disease be treated with respect because of the possibility of dissemination.
He reiterated that except for the Air Corps training fields large concentra-
tions of soldiers should avoid the San Joaquin Valley and finally advised
that Dr. Harrison (p. 73) should continue to be consulted regarding any
plans or problems that might have to do with coccidioidomycosis.

On 6 February 1942, Colonel Simmons, through Lt. (later Lt. Col.)
Douglass W. Walker, MC, asked Dr. Smith if he could furnish more up-to-
date information concerning the areas of endemicity of coccidicidomycosis
and what hazards there might be in having concentrations of troops sta-
tioned in such areas, particularly in California, Arizona, New Mexico, and
Texas.

On 2 March 1942, Dr. Smith answered that coccidioidomycosis ,;was
present in the southern half of the San Joaquin Valley and in Stanislaus,
Merced, Madera, San Benito, Fresno, Kings, Tulare, and Kern Counties—
being most intense in the last three (the south end of the San Joaquin Val-
ley). He stated further that coccidioidin testing at the San Joaquin Valley
airfields had shown occasional cases from the eastern half of Monterey, San
Luis Obispo, Santa Barbara, and Ventura Counties, and further south
and east in the northern part of Los Angeles County and in San Bernardino,
Riverside, Imperial, and San Diego Counties. With reference to all the
endemic areas he recommended that except for aviation training, which
made the need very great, the following areas should be avoided for large
encampments: (1) The San Joaquin Valley of California, (2) the southern
half of Arizona, (3) the southern tip of Nevada, (4) the vicinity of St.
George, Utah, (5) the southern half of New Mexico, and (6) Texas, the
region from San Angelo, west and south. He ended his letter by saying: “We
are still in quest of why the fungus is found where it is, what restricts its
distribution and where it actually grows in nature.”

The Syllabus

During the summer of 1942, a syllabus on coccidioidomycosis was pre-
pared. 1t was published and distributed by Headquarters, West Coast Army
Air Forces Training Center, in October of that year. It was revised in
September 1943, and in March 1944 the publication of a third edition was
made possible by the Josiah Macy, Jr. Foundation. Originally prepared by
the surgeon of the command (Colonel Glenn and later Col. Michael G.
Healey, MC), it was enlarged in scope and detail by Maj. (later Lt. Col.)
Norman Nixon, MC. It was well illustrated by plates showing cultural
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characteristics of the fungus and by roentgenograms credited to Dr. R. A.
Carter at the Los Angeles County Hospital, Los Angeles, Calif., and to Maj.
Horace W. Jamison, MC. A map showed endemic areas. A graph indicated
seasonal incidence. There was an extensive bibliography.

In substance, the syllabus was an excellent handbook on the disease,
covering symptoms, diagnostic procedures, course, and criteria for discharge
from hospital. It also pointed out.the military significance of coccidioidomy-
cosis; namely, that the total number of deaths would be low, the morbidity
would be high, and the period of hospitalization, rather prolonged. All en-
listed personnel and officers were to be tested with coccidioidin on their
arrival at a station and twice yearly thereafter, and the reactions recorded
on the individual’s service record and his immunization register MD Form
81. The responsibility for reporting and control was placed on the medical
officer specifically assigned to the coccidicidomycosis problem at each of
the fields, and he in turn was to be responsible to the coccidioidomycosis
control officer of the West Coast Army Air Forces Training Center, at the
Santa Ana Air Base. By the time of issue of the second edition, the term
“Coccidioidomycosis Control Officer” was as generally accepted in the
endemic areas as “V. D. Control Officer.”

The authors described the two clinical forms as (1) primary coccidi-
oidomycosis, the acute, benign, self-limited respiratory infection and (2)
progressive coccidioidomycosis, the chronic, disseminated, usually fatal ill-
ness, manifested by cutaneous, subcutaneous, visceral, and osseous lesions,
occurring in certain individuals as one continuous progressive disease, al-
though the serious form may not be recognized as such until several weeks
or months have elapsed. Continued spread of infiltration suggests the pro-
gressive form, and the discovery of extrapulmonary foci confirms it. Death
usually occurs in such cases after a course of many weeks’ to 6 months’
duration. Rarely, a patient will focalize his disseminating disease, usually
after prolonged rest in bed, and make a complete recovery. The great
majority of primary infiltrations, however, do not go on to dissemination
but will disappear completely in 5 or 6 weeks. In some of these cases, residual
cavities will persist, but the benign nature of these is indicated by their
clinical course and low sedimentation rate.

They noted, on the other hand, the high susceptibility of dark-skinned
persons to disseminating disease, advising against the use of Negro troops.
They noted how infection is acquired by inhalation of dust containing the
tiny live chlamydospores coming from the soil in endemic areas, and that
some 90 percent of persons who have been resident in heavily endemic
regions will react to coccidioidin. They summarized the important points,
from the point of view of the military surgeon, to be (1) the recognition of
the disease, (2) the prompt hospitalization of all clinical cases until the -
sedimentation rate becomes normal, and (8) the ability to distinguish this
condition from tuberculosis, which it so closely resembles.
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There are many aids to differentiation from tuberculosis once the
essential differences have been clearly established. First is the difference in
epidemiology as this disease spreads from environment to man rather than
from man to man. There is the striking immunologic difference in that the
initial infection with the fungus confers permanent resistance against
subsequent infection. Although people living in endemic areas (the San
Joaquin Valley and southern Arizona) are repeatedly exposed to contami-
nated dust throughout' their lives, the incidence of serious disease is low,
probably not more than 1 case of the progressive form to 500 of the benign
primary form. .

By March 1943, there had been 258 clinical cases of coccidioidomycosis
at the Minter, Gardner, and Lemoore Fields. There had been none at Merced.
There were 125 cases in personnel of the Air Forces at Minter between
July 1941 and March 1943, 61 at Gardner, and 67 at Lemoore. There were
three cases of disseminated coccidioidomycosis with two deaths. The big
months for coccidioidomycosis were from June through November with the
emphasis in September and October. The infection rate at the three fields
was approximately 20 percent per year, Minter and Gardner having the
highest. It was observed that recruits from Merced County rarely showed
evidence of having had coccidioidal infection; no clinical infections oc-
curred at Merced Army Air Field and only seven changeovers.

Dr. Smith gave great credit to the persistence and cooperation of the
following medical officers in carrying out the coccidioidomycosis-control
program—Lt. Col. John E. Roberts, Lt. Col. A. L. Jennings, and Maj.
Edward C. Donohoe, all successively at Minter Field; Lt. Col. Robert R.
Estill, Lt. Col. Albert Phillips, successively at Gardner Field; Lt. Col. Ed-
ward Padden, at Lemoore; Lt. Col. M. U. Prescott and Lt. Col. Neil Johnson,
at Merced. The designated coccidioidomycosis-control officers who took a
leading part in the program were Maj. Russell W. Mapes, at Minter; Lt.
David L. Thurman, at Gardner; Maj. J. Murray Kinsman, at Lemoore ; and
Capt. Harvey A. Woods, at Merced. All these medical officers, themselves
subject to rapid turnover, were quick to grasp the problems before them
and persistent in carrying out the work.

Again on 1 June 1943, Maj. Forrest M. Willet, MC, chief of the medical
service at the Station Hospital, March Field, near Riverside, Calif., reply-
ing, through the Air Surgeon, to an inquiry from the Office of The Surgeon
General, told of a recent increase in cases in connection with construction
of an airfield at Banning, Calif., where Company B of the 856th Engineer
Battalion (Aviation) had joined Company C on 24 April. These were Negro
troops. Three weeks later, several patients with clinical coccidioidomycosis
were admitted to the station hospital. The medical staff thereupon tested
all members of the 856th Engineer Battalion with coccidioidin, finding a
large number of positive reactors, all of whom had been in endemic areas
before coming to March Field,
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A number of soldiers from Company B who had failed to react to
coccidioidin entered the hospital later with the clinical disease. Company A
of that battalion did not go to Banning and coccidioidomycosis developed in
only one of its personnel, a man who had gone to Banning on a visit. A new
outfit, 198 soldiers, moved in to replace the 856th Engineers. They were
given the cutaneous test and there were three positive reactors, all of whom
had previously been in endemic areas. It was planned to repeat such skin
tests twice for the purpose of definitely proving Banning an endemic area.

With so much interest, widened by the experience of the Army, in a
disease local by nature, many papers appeared in medical journals. These
various publications 3¢ helped alert the physicians of the country to the
disease—its epidemiology, diagnosis, clinical course, and hazards.

COCCIDIOIDOMYCOSIS IN THE ARMY GROUND FORCES

Early Cases

On 1 December 1941, a report was forwarded to the Office of The
Surgeon General through channels from Camp Roberts, Calif. It was writ-
ten by Lt. Robert M. Shelton, MC, and later formed the basis of an excellent
paper.? The first case had been discovered in April 1941 among the troops
there, whose training was in large part carried on in the area east of U.S.
Highway 101, which included some of the rather dry country of the Coast
Range. A number of other cases were seen in the Station Hospital, and a
skin-testing survey was begun in June 1941. In all, 888 men were tested;
3 months later 736 of the negative reactors were retested, and of these
14 were found to react to coccidioidin. Allowing for those who might have
been exposed elsewhere, the result pointed to an annual incidence of approxi-
mately 6 or 8 percent, indicating that 1,000 men would become infected
annually at Camp Roberts. This report prompted a continuation of the

survey.
During 1942 and the first half of 1943, coccidioidomycosis appeared
sporadically in ground force units bordering the endemic areas and most

34 Many of these reports and studies have been cited in this chapter. Among others appearing in 1943—44
were (1) Smith, C. E.: Coccidioidomycosis, M. Clin. North America 27: 790-807, May 1943; (2) Colburn,
J. R.: Roentgenological Types of Pulmonary Lesions in Primary Coccidioidomycosis. Am. J. Roentgenol. 51:
1-8, January 1944; (3) Goldstein, D. M., and McDonald, J. B.: Primary Pulmonary Coccidioidomycosis;
Follow-Up of 75 Cases, With 10 More Cases From New Endemic Areas. J.AM.A. 124: 557561, 26 Feb.
1944; (4) Lee, R. V.: Coccidioidomycosis in Western Flying Training Command. California & West. Med.
61: 133—134, September 1944; (5) Quill, L. M., and Burch, J. C.: Surgical Manifestations of Coceidioidomy-
cosis. Ann. Surg. 120: 670-679, October 1944; and (6) Denenholz, E. J., and Cheney, G.: Diagnosis and
Treatment of Chronie Coccidioidomycosis, Arch. Int, Med. 74: 311-830, November 1944.

In July 19438, Colonel Bayne-Jones prepared an excellent chapter on “Coccidioidomycosis’” for General
Simmons’ revision of ‘“‘Laboratory Methods of the United States Army.” This chapter included exposition
of the initial or primary infection, the progressive or disseminated infection, the distribution, and the mode
of spread, with fairly detailed laboratory instructions covering techniques from the growth of the fungus
to the preparation of coccidioidin and the performance of the precipitin and complement fixation tests.

35 Shelton, R. M.: Survey of Coccidioidomycosis at Camp Roberts, California. J.A.M.A, 118: 1186-1190,
4 Apr, 1942,
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probably associated with travel through them by individuals or small
groups.

Desert Training

In the latter part of 1942 and early 1943, a desert training center was
created for the purpose of preparing troops for the terrain and the extremes
of heat and dryness which they might encounter if fighting continued in
North Africa. This area was a large one in the lower Mojave Desert west
of Blythe and northeast of the Salton Sea. It included the Pallen Mountains,
the Granite Mountains, and the Iron Mountains, and all the dry springs and
dry lake beds in an area 3 or 4 thousand square miles in extent. With such
an assignment and such country, the trainees were really put through their
paces. As more and more troops came in, ultimately reaching 80,000 and
including at least one Negro division, it was obvious to those interested in
coccidioidomycosis that parts of this region were highly endemic for the
disease, particularly certain camps near Yuma and the area near Pallen
Pass west of Blythe. The distribution would indeed seem to be very spotty
but intense where it existed, thus offering opportunities to avoid small
heavily infested areas.

On 26 March 1943, the following communication went from the Office
of The Surgeon General to the Surgeon, Army Ground Forces:

1. This office has recently been informed that a number of cases of acute coccidioido-
myecosis (Valley Fever) have recently occurred in troops maneuvering in the Desert Train-
ing area in Southern California. This area is somewhat beyond the highly endemic San
Joaquin Valley, and while cases have been reported in this region, it has not hitherto been
considered that coccidioidomycosis constitutes a serious threat to persons living within

this area.
2. In view of the above, it is requested that full information as to the extent of any

recent outbreak of coccidioidomycosis among troops in this area be obtained. It is believed
that Major Roswell K. Brown, M.C., Desert Warfare Board, Camp Young, California,
is acquainted with this situation.

The first action in this was apparently taken in December of that year,
according to a memorandum for file on a conference with the Ground Sur-
geon, Col. William E. Shambora, MC, on 23 December 1943, to determine
the policy of his office with respect to coccidioidomycosis control in Ground
Forces organizations. For the conferees, including Maj. (later Lt. Col.)
Aims C. McGuinness, MC, Colonel Shambora obtained the following in-
formation from Col. Frank S. Matlack, Surgeon, Headquarters, Communi-
cations Zone, California-Arizona Maneuver Area, Banning, Calif.:

a. All pertinent information furnished the Ground Surgeon by the S.G.O. has been
forwarded to units maneuvering in the endemic regions.

b. A meeting of all battalion and regimental surgeons, and hospital medical officers of
{roops on maneuvers in this region was held. Full details on the endemicity and recognition
of coccidioidomycosis were present at this meeting. The services of Dr. Charles E. Smith
have been utilized.
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c. Information about the disease has also been furnished to line officers.

d. A large number of cases of coccidioidomycosis have recently occurred in troops in
the vicinity of Yuma, Arizona. Efforts are being made to locate this source of infection
more accurately. .

e. Commanding officers responsible for the selection of maneuvers sites will be advise
concerning the avoidance of endemic regions. There is no doubt that such advice will be
followed so far as it is consistent with military necessity.

It was agreed that an exchange of all pertinent information on this
subject reaching either the Surgeon General’s Office or the Ground Sur-
geon’s office should be kept up.

Coccidioidomycosis-control programs were instituted in the Communi-
cations Zone of the California-Arizona Maneuver Area in the summer of
1943, but efforts to institute it in the real desert training center were re-
fused, and, except for the information given physicians in this area, no real
cooperation was established.

Coccidioidomyecosis was picked up from New Jersey to the western
Pacific in troops who had been in this area. One of the most significant re-
ports came from Fort Bragg, N.C., in the following letter from Dr. Theodore
J. Abernathy to Dr. Smith, in early 1944: '

Recently, a case of coccidioidomycosis was discovered on the wards of the Station
Hospital at Fort Bragg. This patient was suffering from the primary form of the disease,
characterized by a circumscribed pneumonic lesion in which cavitation was demonstrated
roentgenographically. A skin test with Coccidioidin, 1-100 dilution, done at the height of
the disease, was positive. * * * [Other tests not completed.]

Checking back on this patient’s army experience it was learned that he was one of a
group of Field Artillery trainees, recruited largely from Michigan, Ohio and Illinois, who
had spent three months (22 August to 24 November) at Camp Iron Mountain, California,
participating in desert maneuvers. Further investigation of 35 additional patients from
this same group, now stationed at Fort Bragg and admitted within the past week because
of various medical and surgical complaints, has disclosed five positive reactors to Cocci-
dioidin (14.2 percent). One patient who gave the strongest positive reaction was admitted
with a presumptive diagnosis of rheumatic fever, and the test was exceedingly valuable
in pointing toward the true nature of the disease.

Available information which we have at our disposal is that Camp Iron Mountain
is located in the extreme south-easterly portion of California close to the Arizona border.
According to the syllabus on coccidioidomycosis (AAFWFTC), this area is in close
proximity to an endemic focus of the disease in Arizona. Do you have any reports indicat-
ing that cases of coccidioidomycosis may have originated in Camp Iron Mountain or in the
desert maneuver area? Have you any information regarding a control program in this
camp and the results of same, if attempted?

We are considering enlarging the present study to include the skin testing of a large
number of men who were at Camp Iron Mountain * * *,

Cases were picked up also at Camp Dix, N.J., in Hawaii, and in the
western Pacific in members of the 77th Infantry Division who had gone
through the desert maneuvers. Further testing reported in a later letter
from Dr. Abernathy showed that over 15 percent of 555 men from one
field artillery battalion coming from the desert maneuver area reacted posi-
tively to coccidioidin. By 16 March, Dr. Abernathy reported to Colonel
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(later Brigadier General) Bayne-Jones on cavalry units that had been sta-
tioned in the California-Arizona Maneuver Area at Camp Hyder (halfway
between Yuma and Phoenix), Camp Laguna (27 miles north of Yuma), and
Camp Pilot Knob. Positive skin reactors in these groups were as follows:
28.6 percent of 70 men in the 11th Group; 23.8 percent of 736 men in the
36th Squadron; and 20.6 percent of 786 men of the 44th Squadron. Plans
to examine by roentgenogram the 337 positive reactors dissolved when the
three organizations were sent to four different places.

A letter from Maj. (later Lt. Col.) George A. Young, Jr., MC, Con-
sultant, Headquarters, Communications Zone, California-Arizona Maneuver
Area, to Dr. Smith is quoted at length as indicating the efforts so many of
us made for months and years to open the ears of the fire-eating trainers
to our message.

Your letter of 12 Jan. 44 to Lt. Col. Manjos has been forwarded to this headquarters
for reply. Following my letter to you of 29 July 43, we initiated a program for the study
of coccidioidomycosis in the Desert Training Center * * *. Unfortunately this headquarters
has jurisdiction only over Communications Zone installations and when we attempted
to extend the program to the entire desert we were informed by the Desert Training
Center that: “1. Not favorably considered. 2. There is not sufficient data to indicate an
urgent need of this work and with the present shortage of Medical Officers in DTC it is
not considered that this diversion of personnel is practical. 3. If research and investiga-
tion of special problems in DTC are indicated, it should be done under the direction of
the Surgeon General by especially trained and assigned personnel.” The foregoing required
us to continue our project in an unofficial status and limit our activities to the Communica-
tions Zone. Within the past month we succeeded in convincing the DTC as to the importance
of the problem of coccidioidomycosis and it will now be possible to more thoroughly
approach the problem. What factual information we have accumulated from the present
study was forwarded to the Army Ground Forces, 8 Jan 44 * * *. To this can be added the
following statements which are considered to be sound, but which are, as yet, unsupported
by sufficient factual data:

a. The maneuver area proper, indicated on map * * *, is highly endemic. Supporting
this statement is the fact that a division of Negro troops was stationed at Camp Clipper
for three (3) months without experiencing significant coccidioidal infection; then, begin-
ning three weeks after they participated in exercises in the maneuver area proper thirty
(30) cases of coccidioidomycosis were admitted to one of our hospitals. These soldiers
were acutely ill and were admitted with transfer diagnoses such as atypical pneumonia,
lobar pneumonia, bronchitis, etc. Obviously many hundreds of milder cases are going
unrecognized. It would appear most reasonable that the cases described by Dr. Abernathy
represent troops recently in the formal maneuver area, and that the maneuver area and
not their camp site was the endemic region. It is my personal belief that a great many
soldiers are leaving this area with unrecognized smouldering infections which become
manifest at a new station. Not every medical installation will be as alert as the Ft. Bragg
group and recognize the disease.

b. The entire area between Yuma and Hyder, Arizona is heavily endemic. Over two
hundred cases of the disease occurred in troops stationed at Camp Hyder. These cases
were diagnosed by the 32nd Evacuation Hospital; but because they were a combat zone
unit, we received no data and could not include them in any official report. * * * [however
there is] a more satisfactory liaison now established between the two zones * * *, Ineciden-
tally eight (8) nurses of the 82d Evacuation Hospital developed coccidioidomycosis. The
hospital was located between Horn and Hyder, Arizona.
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c. Pomona, Camp Young, Thermal and San Bernardino are areas of very low or no
endemicity. This statement is based on the absence of changeovers after serial skin tests
(3,6,9, and 12 weeks) and is supported by the absence of any proven cases from the areas
noted.

d. Supporting the belief that Desert Center, Granite, Coxcomb, and Camp Young are
innocuous areas is the experience of the Station Hospital SCU 1925 which hospitalized
soldiers from the areas mentioned during the period 15 July 42 to 15 Feb 43. After receipt
of some coccidioidin we requested from you, Capt. Elmer Brock, our radiologist, skin
tested in all cases showing pulmonary pathology—no positive reactions were demonstrated.

At the present time our general hospitals are functioning under a 45 day evacuation
policy, this has necessitated the evacuation of coceidioidomycosis patients to hospitals out-
side of our supervision. In an attempt to centralize these patients, we have established a
policy wherein all such cases are evacuated to the Camp Haan [Calif.] Station Hospital.
Reports from your laboratory are then forwarded to Camp Haan. Dr. Rutherford and Mr.
Copper from USC visited us frequently in Banning collecting rodents and plants from the
area of Banning airstrip. A recent conversation with Dr. Kessel indicates as yet they have
grown no coccidioides. It is Dr. Rutherford’s plan to carry out his rodent survey in all
proven endemic areas.

The preceding paragraphs contain the pertinent data and impressions we have
obtained. I feel certain that much of this is unknown to the Surgeon General’s Office;
however any official communication by us is precluded [by the disapproval by the Desert
Training Center] * * *,

# * * This office will continue to supervise the program which, however, it is felt
will now continue under its own momentum. We have purposely made each hospital and
laboratory feel this was their program and that all data at this office are available to
them. I believe that many will publish articles on the subject. We have requested an
informal summary from each general hospital and the mobile laboratory, a copy of which
will be furnished you.

It is my belief that the medico-military aspects of coccidioidomycosis in this area are
now obvious and appropriate steps should soon follow. It would appear wise to consider
the transition of this study into State Health channels as it is possible that the present
laboratory facilities will not always exist * * * '

May I express the deep appreciation we all feel for the generous manner in which
you have aided us. We regret exceedingly that the suggestions included in your letter of
July could not be carried out for the entire desert. I feel that we have finally hacked
out some data instead of obtaining the clean cut results that might have been accomplished.

A plan was projected for continuation of the work if necessary by the
use of mobile laboratories, but none were to be assigned to the Communica-
tions Zone, as the whole desert training program was being given up and
the area was to be completely evacuated by 1 May 1944.

COCCIDIOIDOMYCOSIS IN PRISONERS OF WAR

In a report dated 4 February 1944, Col. Verne R. Mason, MC, medical
consultant to the Ninth Service Command, brought to The Surgeon Gen-
eral’s attention the fact that there was a large number of patients with
coccidicidomycosis among the prisoners of war at Florence, Ariz. He noted,
in part, as follows:

There are 89 patients with tuberculosis in the hospital. Of these, 2 are Japanese, a
number are German, and the remainder are Italian. In addition to these patients, there
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are a large number with primary pulmonary coccidioidomycosis. A number of patients
have both active tuberculosis and coccidioidomycosis. Some have developed coccidioidomy-
cosis of pulmonary type while in the hospital under treatment for active tuberculosis. A
recent survey of 557 enlisted men of this SCU [Service Command Unit] was made. Of
this number 54 percent had a positive coccidioidin test. The percent with positive tests
varies directly with the length of time at this camp. The effects of co-incidental or con-
temporary coccidioidomycosis on the course of active tuberculosis may be studied well at
this station. At present one Italian prisoner has the rapidly fatal acute disseminating
type of coccidioidomycosis with miliary pulmonary lesions and pustular dermal lesions.

By 23 February, Dr. Smith was in Florence, at the request of the
Preventive Medicine Service of the Surgeon General’s Office, and, on
3 March 1944, made a report to The Surgeon General through Colonel
Bayne-Jones. After careful study of the patients in the Station Hospital at
Florence and a review of the many relevant factors, he made the following
comments and recommendations:

Probably two-thirds to three-quarters of new arrivals from non-endemic areas can
be expected to become infected during a year. Had this fact been realized prior to the
location of the Camp, another choice might have been made. However, * * * my personal
recommendation would be to continue the Camp but to develop a Contro! Program.based
upon repeated coccidioidin testing, detection of clinical coccidioidomycosis and prompt
treatment. This is the plan which was developed as part of the work of the Commission
on Epidemiological Survey in the San Joaquin Valley and which was expanded and applied
by the entire Western Flying Training Command. The plan has been discussed with Lieu-
tenant Colonel Bernadine and his medical personnel and they will welcome it * * *, The
Station Hospital laboratory is already prepared to carry on its part, with sedimentation
tests * * * culturing * * * and proper collection of blood specimens * * * in case of diag-
nostic doubt. Arrangements have been made to send us positive cultures for animal confir-
mation as well as blood for the serological testing. It is most important that sufficient
medical personnel be available so the Camp Surgeon can designate one man to be in charge
of the Program. It should not take more than one-third of his time * * *. The Camp Hos-
pital is developing into an important tuberculosis sanitarium with enthusiastic chest
specialists experienced in survey work * * *,

[It seems not improbable, and because of the climate not illogical] that the Florence
Station Hospital is destined to be made the tuberculosis sanitarium for Prisoners-of-war.
However, coccidioidomycosis poses two complicating considerations. First, can people
acquire coccidioidomycosis when merely staying indoors in the hospital ward? Second, if
they should acquire a coccidioidal infection, would it adversely affect their “cure” for
tuberculosis?

The decision made shortly thereafter in the Office of The Surgeon
General was announced in a memorandum from the Medicine Division to
the Hospital Division, on 24 March 1944, as follows:

A conference was called by Brigadier Generals Bayne-Jones and Morgan for the
purpose of considering the removal of the tuberculosis center for prisoners-of-war from
the Station Hospital at Florence, Arizona, to another location. Evidence has been acquired
recently which indicates that the incidence of coccidioidal infection at Florence, Arizona,
is high. It has been shown that patients in the Station Hospital there have acquired the
infection in residence. It was agreed that prisoner-of-war patients with tuberculosis
should be protected from this additional health hazard. Therefore, the conference unani-
mously recommends that the tuberculosis center for prisoners-of-war be moved from the
Florence, Arizona, Station Hospital and located elsewhere,
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In May 1945, the incidence of coccidioidomycosis at Camp Cooke,
Prisoner of War Center (San Luis Obispo County, Calif.), began to rise,
162 cases occurring. In the subsequent 3 months, investigation by Dr. Smith
for the Surgeon General’s Office, and by others, determined that these cases
were incurred by prisoners working near Shafter in the San Joaquin Valley
in one of the subsidiary prisoner-of-war camps. These prisoners and those
at Lamont were digging potatoes and working cotton and other crops.
Similar conditions obtained at some of the subsidiary camps around
Florence. Dr. Smith, consulted from the field, explained the difficulty and
the amount of personnel necessary to set up a coccidioidomycosis-control
program among these scattered installations. When it was pointed out to
the commanding officers of the prisoner-of-war camps that the rate at
Camp Cooke alone was higher than for all the rest of the Army, the prison-
ers of war were withdrawn from work in the Shafter and Lamont areas.

The war was now drawing to a close and with it the immediate concern
of the Army with this disease of arid regions. The time was approaching
when we could all “go back to hoeing our own potatoes” and allow the
search for a living to bring fresh divisions of civilians into the endemic
areas—but of their own volition.

On 31 August 1944, Capt. Louis Schneider, MC, radiologist at the
Separation Center, Fort Dix, N.J., wrote Dr. Smith a letter which is a
good preamble to the conclusion of the story of coccidioidomycosis in World
War II. The letter follows.

As you know, routine chest films will be taken on all service men and women who will
be demobilized through these centers. In the course of these examinations, we have come
across and will continue to come across soldiers who months ago recovered from a case of
Primary Coccidioidomycosis and now have residual pulmonary lesions which are undoubt-
edly not active, and though they have not regressed by comparison of serial roentgeno-
grams, the pulmonary shadows have neither broken down or extended. From my present
knowledge it would appear safe to discharge these indjviduals, appreciating that they may
therefore go out into any civil employment with little fear of reactivation. Of course it
would be wise, it seems to me, to follow these cases with serial chest radiographs at Vet-
erans Hospitals’ out-patient departments much as we do with arrested cases of pulmonary
tuberculosis. In this connection, your advice and comment in regard to the handling and
after-handling of such separatees will be appreciated.

This letter, as concerned with a matter of policy regarding the separa-
tion of Army personnel with roentgenographic evidence of residual coc-
cidioidal lesions, was referred by Dr. Smith to Generals Morgan and Bayne-
Jones of the Office of The Surgeon General, and to Dr. Blake as President
of the Board for the Investigation of Epidemic Diseases, U.S. Army. In
his reply of 6 September 1944 to Captain Schneider, Dr. Smith gave his
personal opinion, as follows:

First, may I express great pleasure and congratulate you upon your discernment in
your evaluation of the pathogenesis of coccidioidal infection. Unfortunately, even in the

newly revised edition of Cecil’s text the opinion is expressed that many soldiers who
acquired coccidioidomycosis in the Service will break down with a disseminated infection
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in civilian life. Such an expression is ill founded and very damaging. As you indicated,
even with coceidioidal nummular lesions remaining, men can be discharged without fear
of disseminating coccidioidal infection. There does remain the very slight possibility of a
cavity developing. This complication is so rare, generally developing within a few months
after the infection, while the nummular lesions may continue so long (many years), that
it would be impractical to continue the man in the Service until the roentgenogram is
clear. The one safeguard I would recommend is that suggested by you, serial chest roent-
genograms at Veterans Hospitals, say every six months. There should be no question of
compensation or pension, as these lesions are not incapacitating. Particular pains should
be taken to reassure these men not only for their peace of mind but also to keep them out of
the hands of shyster lawyers or even misinformed medical men who * * * may try to make
invalids out of these utterly healthy veterans. If any specific problems arise, please feel
free to write me. I do feel quite certain that the Fort Dix separatees will be handled wisely.

General Bayne-Jones referred Dr. Smith’s letter with its enclosures
to Col. Esmond R. Long, MC, Deputy Chief, Professional Service, Office of
The Surgeon General. Colonel Long, visiting the Fort Dix separation center,
primarily to look over the chest X-ray work, spent some time with Captain
Schneider, who again raised the same question. Colonel Long concurred in
the general opinion that no public health problem was involved and was
inclined to think also that the medical problem would not be serious. “The
Army is not going to discharge men with active coccidioidomycosis, and
men with scarred lesions are not likely to break down.” He observed that
the Army could not insure followup examinations although each separatee,
being informed of his right to medical care under the Veterans’ Administra-
tion, might be advised to have periodic checkups for appropriate conditions,
of which coccidioidomycosis was only one in several.

On that sensible note, the experience of the Army with coccidioidomy-
cosis was brought to a close. There remains only to summarize statistics
before bringing to its close this historical sketch. During the years 1942-45,
the admission rate per 1,000 troops per year (based on the total number of
cases reported in the Army in the continental United States and the strength
of the Ninth Service Command) ranged from 0.2 to 2.8 per month, being
greater than 1 in 22 months and greater than 2 in 6 months of the span of
37 months. The Marines, in the small detachments scattered through the
endemic areas, and specifically those reported by Lt. Cdr. E. F. Pfanner,
MC, USNR, at Mojave, Calif., and by the U.S. Navy, in some of its inland
installations, such as Inyokern, Calif., encountered the disease but in num-
bers insufficient to warrant very active countermeasures.

We have thus again one of the few unequivocally good things that
sometimes come out of modern war, more knowledge of a disease process.
In this instance, a gradual accumulation of knowledge, accelerated by work
done shortly before the war, was further accelerated as a medical problem
of local interest affecting the Army. It has been suggested *¢ that general
interest may continue as the modern habit of travel brings into endemic

38 Jamison, H. W., and Carter, R. A.: Roentgen Findings in Early Coccidioidomycosis, Radiology 48:
323832, April 1947,
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regions increasing numbers of people who, like the young soldiers negative
to coccidioidin, are highly susceptible. However that may be, better under-
standing has been achieved of one of the diseases that attack the lungs, with
the immediate gain of increased clinical competence and with wider implica-
tions for comparative research.







CHAPTER 111

Schistosomiasis J aponica

Frederik B. Bang, M.D., and
F. Tremaine Billings, Jr., M.D.

INTRODUCTION ON LEYTE

Life Cycle of the Parasite

Schistosomiasis japonica, a disease due to a parasitic worm, Schisto-
soma japonicum, is found in large areas of China, in a few foci in Japan, and
on four of the larger islands of the Philippines. A strain, apparently of low
pathogenicity for man, is present on Formosa, and there is at least one
small focus in the Celebes. When the cercariae (larval forms) escape from
infected snails into fresh water, as in ricefields, swamps, or ponds, they seek
a susceptible host and either penetrate this host or die in from 24 to 48
hours. If the water drains into a river, the cercariae may be swept down
the stream and in its course find their susceptible host. After burrowing
through the skin, and migrating through the bloodstream and the lungs,
they lodge at a later stage of development in the liver. By crawling down
the portal venous system, they arrive at the branches of the vessels leading
from the large intestine or rectum. After fertilization of the female by the
male which carries her in a groove of his body, the female deposits clumps
of eggs within the terminal branches of the vessels or in the liver. The
embryo develops to a miracidium inside the eggshell. If this egg works
its way through the intestinal mucosa, it is extruded in the feces and the
miracidium hatches. The miracidium penetrates susceptible snails (if avail-
able) and in several weeks develops into a cystlike stage which has within
it many cercariae. Thus, an increase in eggs takes place in the definitive
host (man, dog, or other appropriate animal), and an increase in the
cercariae occurs within the snail.

Recognition, Incidence, Epidemiology

Before World War II, American experience with acute schistosomiasis
japonica was limited. Most knowledge of the disease had been derived from

1 (1) Faust, E. C., and Meleney, H. E.: Studies on Schistosomiasis Japonica. Am. J. Hyg. Mono-
evaphic Series, No. 3, 1924, (2) Faust, E. C.: Schistosomiasis Japoniea: Its Development and Recognition.
Ann. Int. Med, 25; 585-600, October 1946, (3) War Department Technical Bulletin (TB MED) 167, June
1945,
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chronic infections in native populations living in endemic areas and from
occasional acute outbreaks among small numbers of foreigners visiting or
resident in these areas.?

When the campaign to recapture the Philippine Islands was planned,
it was known that schistosomiasis japonica was endemic in the eastern part
of Leyte Island, but its intensity and potential danger were not generally
realized. A number of preventive and educational measures were under-
taken, as described in detail elsewhere,* and, among the officers of many of
the hospital units that followed up the invasion, there was some academic
discussion of the disease and the possibility of encountering it. Nevertheless,
the picture left in the minds of many was hazy.

It is not surprising, therefore, that schistosomiasis japonica burst very
suddenly upon a relatively uninformed Medical Department early in the
Leyte campaign, in December 1944, The invasion of Leyte had occurred on
20 October 1944. During the invasion, many soldiers had frequent contact
with fresh water. Combat troops, patrols, and engineers occupied in build-
ing bridges and airports and in repairing roads were frequently in fresh-
water swamps and streams for short or long periods of time, The value of
protective clothing was not appreciated. The troops were inadequately in-
formed concerning the dangers of contact with fresh water, and, when
actual fighting died down, many soldiers bathed, washed clothes and ve-
hicles, and swam in infested waters.

Late in November and during December, U.S. soldiers were admitted
to hospitals with symptoms that were sometimes suspected as being due to
schistosomiasis, but for the most part the disease was not recognized. Ova of
S. japonicum were first found in stools of a soldier on Leyte Island, on
30 December 1944, by Lt. Walter L. Barksdale, SnC, who was on detached
service with the 36th Evacuation Hospital from the 19th Medical General
Laboratory, Hollandia, New Guinea. The patient was under the care of Capt.
David P. Gage, MC, on temporary duty with the 36th Evacuation Hospital
from the 49th General Hospital, who had suspected the diagnosis and had
encouraged a search for the ova. It is of interest that on 28 December 1944
in the 132d General Hospital on Biak Island the diagnosis of schistosomiasis
had also been made from a liver biopsy by Capt. Morris Goldberg, MC. The
patient was a soldier who had been evacuated from Leyte with unexplained
fever and marked enlargement and tenderness of the liver.

On Leyte during the last week in December 1944, at least 16 patients
who were subsequently found to have schistosomiasis were admitted to hos-
pitals. Most of these patients came from two organizations—the 51st
Portable Surgical Hospital and the 50th Engineer Combat Battalion. During
the months of January and February 1945, slightly more than 300 additional

2 Egan, C. H.: Outbreak of Schistosomiasis Japonica. J. Roy. Nav, M. Serv. 22: 6-18, January 1936.

3 Ferguson, M. S., Graham, O. H., Bang, F. B., and Hairston, N. G.: Studies on Schistosomiasis
Japonica. V. Protection Experiments Against Schistosomiasis Japonica. Am, J. Hyg. 44: 367378, November
1946,
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cases of schistosomiasis were diagnosed in hospitals on Leyte.* These soldiers
were from all types of units but combat troops, engineers, and artillerymen
predominated.

The occurrence of schistosomiasis in the 50th Engineer Combat Bat-
talion provided a unique opportunity, which was taken by Lt. Col. Ralph R.
Sullivan, MC, and Capt. Malcolm S. Ferguson, SnC,’ to study the epidemiol-
ogy of the disease. This battalion, numbering 534 soldiers, was employed to
a large extent in building bridges, but the occupations and opportunities for
exposure varied from company to company and among the different platoons.
The incidence of cases in the battalion was thoroughly investigated and
correlated with the battalion’s job roster to determine the amount of ex-
posure to fresh surface water of the individual companies, platoons, and
personnel. A paragraph of this paper may be quoted here:

The attack rate for the battalion was 19.6 percent (102 cases as of 31 May 1945)
which may be compared with an estimated XXIV Corps rate of 0.73 percent. The rates
increase to 27 and 83 percent respectively as B and C companies, engaged in bridge con-
struction, are considered separately. Moreover, the attack rate increases to the range of
41-53 percent as attention is focused on the specific platoons engaged in bridge construc-
tion. Finally as the rates are computed for the water-exposed bridge-workers themselves,
these range from 71-89 percent in the various platoons of B and C Companies. Actually
in dealing with the water-exposed bridge-workers it becomes a matter of trying to explain
why 100 percent of them were not infected. Since a number were unfortunately not hos-
pitalized or were not diagnosed because typical ova could not be demonstrated, the pos-
sibility of 100 percent infection in this group cannot be eliminated.

Another interesting, circumscribed episode of infection occurred
among men of the 51st Portable Surgical Hospital. On 16 November 1945,
nine members of this unit, including two medical officers, left their bivouac
at Dulag for Abuyog to obtain medical supplies. As a bridge over a stream
later recognized as infested with cercariae of S. japonicum was under con-
struction, they could proceed no further and decided upon a swim. It is
worthy of note that the medical officers commented before entering the
water on the possibility of contracting schistosomiasis but only jokingly,
and they decided to risk it. The stream in question is slow moving, and these
officers were under the impression that the danger in moving water was
minimal. Two officers and six enlisted men went in for approximately 80
minutes; one enlisted man did not enter the water. In the eight who were
in the water, symptoms of schistosomiasis developed 4 to 5 weeks later;
the one who remained on the bank escaped. No other cases of schistosomiasis
developed among personnel of the 51st Portable Surgical Hospital. No snails
(Oncomelania quadrasi) were found in this area, but higher up the stream
snails were found.

Another noncombat unit, in which many became infected with S.
japonicum, was the 118th General Hospital, Tolosa, Leyte. Although the

4 Essential Technical Medical Data, U.S. Army Foreces, Far East, for January and February 1945.

5 Sullivan, R. R., and Ferguson, M. S.: Studies on Schistosomiasis Japoniea. III. An Epidemiological
Study of Schistosomiasis Japonica. Am. J, Hyg, 44: 324-347, November 1946.
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medical officers of this unit were aware of the existence of schistosomiasis
on Leyte, they had no idea of the very real danger of infection from streams
in the immediate vicinity of the hospital. Surveys of the area in question
had been made for snails, and when none were found an unjustified feeling
of confidence in the freedom of the water from cercariae pervaded the
unit. The stream is one which runs between Tanuan to the north and Tolosa
to the south. Of a medical detachment consisting of approximately 500 en-
listed men, 164 admitted contact with this fresh water or with swamps
draining into it. By 30 April 1945, 75 of these men had been found to have
schistosomiasis by the demonstration of ova in their stools. Others may have
been found to have the disease at a later date, or may have remained
undiagnosed.

Hospital admissions on Leyte Island, for the period January—May 1945,
due to schistosomiasis were listed as follows: ¢

Number of cases

January. e 69
February. ... 305
Mareh_ o 313
April . e 197
May. e 78

Total . _ L _____ 962

A breakdown of a random 575 of these cases shows the occurrence by
various types of units to be as follows:

Unit:

Number of cases
Infantry____________ e 189
Engineer_ et 203
Field Artillery __ __ e 54
Antiaireraft____ __ ___ . 61
Cavalry and reconnaissance_ __ . _ ..o ______ 10
Medical  _ o emee 12
Quartermaster__ . ___ e 4
Signal e 15
Tank e 10
Ordnance_ . __ . o e 12
Chemieal . _ oo 4
Special Service_ _ e 1

By February 1946, a total of approximately 1,300 cases of schisto-
somiasis japonica had been diagnosed in American troops infected on
Leyte Island. Comparatively few cases were diagnosed on Leyte after the
last of May 1945, but other cases were found, as follows:

1. Among units that had been exposed to infested water and had moved
on to more advanced bases before the onset of symptoms. An example 7 of
this is a survey of an engineer battalion, moved from Leyte to Okinawa, in

¢ Essential Technical Medical Data, U.S. Army Forces, Pacifie, for July 1945.
7 Essential Technical Medical Data, U.S. Army Forces, Pacific, for September 1945, Appendix E thereto,
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which 19 of 206 men examined were found to have ova of S. japonicum in
their feces. Of these patients, 12 gave a history of symptoms. They had all
been away from Leyte approximately 4 months at the time of the survey.

2. Among soldiers evacuated from Leyte through medical channels for
diseases other than schistosomiasis.

3. Among personnel who had been infected immediately before return-
ing home on rotation and whose symptoms first ocecurred either in transit
or in the United States.

Disposition of Patients Infected on Leyte

As has been indicated, the theater was not fully prepared to handle
efficiently a sudden outbreak of acute schistosomiasis japonica among Ameri-
can troops on Leyte. At first, the criteria for diagnosis, the method of treat-
ment, and the final disposition of these cases were somewhat haphazard and
were decided for the most part by individual hospitals. Some patients with
schistosomiasis were evacuated as soon as the diagnosis was made. Others
were treated and then evacuated, while still others were treated and held
for observation.

Finally, a disposition policy, based on suggestions from the Surgeon
General’s Office, was announced,® as follows:

Seriously ill eases and those with present evidence of involvement of the central
nervous system should be evacuated to the United States without delay. Other patients
who after a course of treatment have persisent clinical signs or positive laboratory findings
should also be evacuated. Mild cases which appear to have been cured and have regained
their previous state of health may be returned to duty where they can be given periodic
examinations of their general conditions and of the blood and stool specimens in accordance
with instructions contained in letter from Headquarters, USAFFE, 5 March 1945, FEMD
710, Subject: Aftercare of Patients with Schistosomiasis Japonica.

The Surgeon General, in a letter to the Theater Surgeon, USAFFE
(U.S. Army Forces, Far East), dated 26 March 1945, had suggested that all
patients in whom a diagnosis of schistosomiasis japonica had been made be
evacuated to the United States, after a course of treatment, for further
observation and treatment in the centers designated for the care of tropical
diseases—Moore General Hospital, Swannanoa, N.C., and Harmon General
Hospital, Longview, Tex. This stand was taken by The Surgeon General
because it was known that followup of these patients was both important
and time consuming (by many months) and that treatment in many cases
would have to be repeated. It was thought that the number of patients who
would have to be evacuated for this cause was not large enough to affect the
military strength significantly.

The theater surgeon replied to this letter by endorsement, dated 14
April 1945, reiterating the policy of retaining in the theater mild cases for
followup. Many difficulties, however, were encountered both in administra-

8 Technical Memorandum No. 3, Office of the Theater Surgeon, U.S. Army Forces, Far East, 31 Mar. 1945.
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tion and in clinical evaluation to determine which patients to keep and
which to send home. For this reason, in a letter to section and base surgeons
dated at Headquarters, USAFWESPAC (U.S. Army Forces, Western
Pacific), 18 July 1945, the theater surgeon directed that all patients with a
diagnosis of schistosomiasis japonica be evacuated to the Zone of Interior.
It was emphasized in this letter that the period of treatment and observa-
tion in the theater should not exceed 120 days and that any soldiers with
schistosomiasis, who had already been sent to limited duty under previously
existing directives, should be rehospitalized and evacuated to the United
States.

Actually, after February 1945, very few patients ill with schisto-
somiasis were seen.” The majority admitted to hospitals thereafter had mild
or asymptomatic cases, diagnosed by routine examinations of stools during
unit surveys or during hospitalization for other causes.

Postscript from Mindanao

In the early part of December 1945, it was brought to the attention of
the Office of The Surgeon General, by the Walter Reed General Hospital,
Washington, D.C., that the chief of the Tropical Disease Section at that
hospital, Capt. Joseph H. Burchenal, MC, had made a definite diagnosis of
schistosomiasis japonica in five soldiers whose only possible common source
of infection had-been at the Davao Penal Colony, 51 kilometers north-
northeast of Davao, Mindanao, Philippine Islands. Actual exposure to in-
fection was believed to have occurred in the Mactan ricefields, 8 kilometers
east of the penal colony. These soldiers had been prisoners of war, following
the surrender of the Philippine Islands to the J apanese. Some 600 soldiers
and sailors were reported by officers imprisoned there to have survived to
return to the United States. Of these, it was possible to follow up approxi-
mately 50, all of whom were given thorough tests for schistosomiasis, in-
cluding examinations of the stools. The diagnosis was made in approxi-
mately 30 of them. It is possible that other individuals among these 600 men
had schistosomiasis which remained undiagnosed.

THE DISEASE PICTURE

The course of schistosomiasis japonica in all three of its stages has been
discussed in textbooks of tropical medicine. A full description of the early
manifestations of the disease is justified here, however, by the extensive
experience with American troops infected during the Leyte campaign,
affording an unusual opportunity to make numerous observations on the
early phase of the disease. Hitherto, the repeatedly infected, chronically ill
populations of endemic regions were the principal subjects available for

¢ See footnote 6, p, 94,
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large-scale study, with, on occasion, much smaller groups of Americans
and Europeans exposed to the same environment.10

As the three stages into which it is customary to divide the course of
the disease are continuous, the clinical phenomena attributed to them
usually overlap. The first stage includes the period from the penetration
of the body by the cercariae to the settling of the paired worms in the
mesenteric venules. The second stage is initiated when eggs are deposited
by the female worms in the small vessels of the intestinal wall, the liver,
or ocasionally elsewhere. Allergic manifestations are common at this time.
The third stage is characterized by proliferation and repair of damaged
tissue and by continued heavy deposition of eggs. The present review will
be largely concerned with the second stage, when the acute manifestations
occur.

It should be reemphasized that this division into stages is purely for
the sake of convenience. Experience with American troops with acute
schistosomiasis japonica on Leyte showed that, in clinically severe and
moderately severe cases, the onset of symptoms was directly associated
with the maturation of worms and the deposition of ova. In some clinically
mild cases, the onset of symptoms was noted shortly after the ova had been
found in the stools and, in some cases, diagnosed only by the demonstration
of ova in the stools, maturation of worms and deposition of ova caused no
symptoms.i* It seems probable that the severity of symptoms is a measure
of the severity of the infection.

Billings and his associates, in their clinical study of 337 cases of acute
schistosomiasis japonica in American troops, including a detailed analysis
of 75 of them, discussed at length the interval of time between exposure to
infection and the occurrence of symptoms. In 12 cases in which the exact
time of the only exposure to infection was known, symptoms first occurred
from 26 to 58 days after exposure, an average of 42 days. In the remaining
63 cases, it was more difficult to estimate this latent period because the
time of exposure varied from several days to several weeks, and penetration
of the skin by cercariae could have occurred on any one or all of the days
on which the individual was in contact with fresh water. However, even
when contact with infested water covered a period up to 14 days, the latent
period was fairly uniform. In 14 of the 75 cases analyzed in detail, there
was a close correlation between the onset of symptoms and the appearance
of ova in the stools, and there was definite indication that the infection was
asymptomatic during the period of development of the schistosomes.

1 See footnote 1 (1) and (2), p. 91.

1 Billings, F. T., Winkenwerder, W. L., and Hunninen, A, V.: Studies on Acute Schistosomiasis in
Philippine Islands; Clinical Study of 337 Cases With Preliminary Report on Results of Treatment With
Fuadin in 110 Cases. Bull. Johns Hopkins Hosp. 78: 21-56, January 1946,
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SYMPTOMS, PHYSICAL FINDINGS, AND
EARLY COURSE

The manifestations and early course of the acute phase of the disease
as it appeared among American troops who took part in the invasion of
Leyte Island are described in the study by Billings and his associates and in
several other papers.*?

Symptoms

“Swimmers’ itch,” symptomatically the first possible indication, occurs
very soon after exposure to water infested with cercariae. Its incidence is
apparently highly variable. On Leyte, three groups 13 of patients were care-
fully questioned about itching immediately after contact with fresh water,
and the incidence varied as follows: 1 in 42, 4 in 41, and 9 in 75. Thus, it
occurred in 8.8 percent of these 158 patients. The extensive recent work
on swimmers’ itch, which is due to schistosomes, usually in newly infected
men in whom sensitization plays a large role, should be related to these data.

Following an asymptomatic latent period during which the parasite
developed to adulthood, the onset of symptoms was usually abrupt with
headache, chills, feverishness, cough, urticaria, aches, and anorexia of vary-
ing severity. In some cases, the onset was insidious, and the symptoms in
some of these remained mild throughout the symptomatic phase and in
others were intensified after several days. In a few instances, the onset
was not only abrupt but severe or fulminating in character. Lastly, the
disease sometimes had an asymptomatic course; such cases were detected
through group surveys. On the basis of the intensity and severity of symp-
toms and the height of the temperature and the duration of the fever, the
series of 337 cases cited (p. 97) were divided into four groups, as follows:
Severe, 21 cases; moderately severe, 123 cases; mild, 168 cases; and asymp-
tomatic, 25 cases. The incidence of the chief symptoms as shown in table 13,
however, is based on 75 cases subjected to detailed analysis. It should be
stated that this classification is made on clinical grounds only, and it is not
known whether the severity of symptoms is necessarily correlated with
the degree of infection.

Moderately severe cases.—Since these cases present the most common
symptomatology, they are discussed first. The symptoms usually began sud-
denly with fever, chills, headache, generalized aches and pains, soreness and
stiffness of the neck, discomfort in the upper part of the abdomen accom-
panied by anorexia, urticaria, and an irritating dry hacking cough, all or

12 (1) Thomas, H. M., and Gage, D. P.: Symptomatology of Early Schistosomiasis Japonica. Bull. U.S.
Army M. Dept. 4:197-202, August 1945. (2) Johnson, A. S., Jr., and Berry, M. G.: Asiatic Schistosomiasis;
Clinical Features, Sigmoidoscopic Picture and Treatment of Early Infections. War Med. 8: 156-162, Sep-
tember 1945. (8) Thomas, H. M., Bracken, M. M., and Bang, F. B.: Clinical and Pathological Picture of

Early Acute Schistosomiasis Japonica. Tr. A. Am. Physicians 59: 75-81, 1946,
13 See footnote 11, p. 97, and footnote 12(1) and (2),
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some of which lasted from 1 to 8 weeks. The clinical course of schistosomi-
asis, acute, moderately severe, is shown in figures 33 and 34.

TABLE 13.—Incidence of symptoms in 75 patients with acute schistosomiasis japonica

Patients affected
Symptoms
Number Percent
Fever_ _ i 75 100.0
Headache . _ e 69 92.0
Weight 1088 _ - _ el 69 92.0
Malaise . o e 67 89.3
ANOrexia. . oo e 66 88.0
Pain in upper quadrant of abdomen____________________________.. 60 80.0
Stiff neck - _ i 57 67.0
Abdominal ecramps. ___ . __ - 52 65.0
Cough__ o 48 64.0
Generalized aches, backaches, and arthralgia_ . ____________________ 45 60.0
Urticaria and angioneuroticedema_____________________________._ 39 52.0
Chills - _ - 37 49.0
Diarrhea_ e 21 28.0
Constipation_ _ _ o oo 18 24.0
Pain in chest_ e 17 22.0
Itching (after exposure to infested water)_ ______ _________________ 9 12.0
Testicular aching . _ _ __ __ .. 9 12.0
Neurologie complications_ _ .. 7 9.3
Nausea and vomiting___ . - 6 8.0
Asthma._ 6 8.0

In 14 cases, 8 of which presented the shorter latent periods, the acute
febrile illness, considered as ushering in the symptomatic phase of the
disease, subsided partially or entirely in from 2 to 8 days; thereafter, the
symptoms persisted in mild form, or remained completely in abeyance for
a week or two, and then recurred, gradually or sharply. This initial acute
iliness often suggested dengue, atypical forms of which occurred on Leyte.
Typical skin eruptions of dengue were never noted in these cases, however,
in which the acute febrile period may represent the host reaction to the
initial dissemination of the ova of S. japonicum.

The first chief complaints in many cases were fever, chills, headache,
cough, and urticaria with or without angioneurotic edema; in several cases,
the first manifestations were limited to this type of skin lesion. Later,
within a few days to 2 weeks, the urticaria and cough subsided in most cases,
but pain or discomfort in the upper quadrants of the abdomen, anorexia,
loss of weight, headache, fatigue toward evening, stiff neck, and varied
myalgic and arthralgic pains persisted, though fluctuating from day to day.

The febrile stage lasted from 1 to 8 weeks; the fever was remittent
and of the saw-toothed type, with the temperature rising sharply to 102° to
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104° F. in the evening and, with rare exceptions, returning to normal or
below normal in the morning. Likewise, there was diurnal variation in the
intensity of symptoms; the majority of patients felt better or “tolerably”
well in the morning but worse in the afternoon and evening, when all
symptoms were characteristically intensified.

Urticaria or angioneurotic edema, which was noted in 52 percent of
the patients, varied from an occasional small and fleeting wheal to lesions
of tremendous size. The lesions were indolent and persistent. They were not
strikingly responsive to adrenalin. Swelling of the posterior half of the
tongue was noted in one patient, but edema of the fauces and larynx was
not seen.

A very common symptom was soreness and stiffness of the neck. In
this series of 75 patients, 57 had this complaint and in some it was striking.
Usually, it developed suddenly and lasted from 24 to 48 hours, then sub-
sided only to recur in several days’ time. In one patient, the head was held
rigid, incapable of any movement, for a period of 2 weeks. Lateral rotation
was especially restricted and, less commonly, flexion. This symptom is prob-
ably not due to involvement of the meninges, but is more likely myalgic in
origin, as soreness of the trapezius and sternocleidomastoid muscles was
elicited on palpation. Meningitis was occasionally suspected, but examina-
tions of the spinal fluid revealed no abnormalities.

In association with anorexia and discomfort in the upper quadrants of
the abdomen, abdominal cramps were frequent, but diarrhea occurred in
only 21 patients (28 percent), and then it was not clear whether it was due
to the disease or to an intercurrent infection, as attacks of diarrhea were
fairly common among persons on Leyte. More frequently, the bowel move-
ments were normal or were constipated, sometimes severely so as the
disease progressed. Blood in the stools was found rarely and only in the
occult form. Anorexia and loss of weight, which in cases of long standing
may amount to as much as 40 pounds, were prominent features.

A nonproductive cough was sometimes accompanied by moist rales or
scattered areas of consolidation, especially at the bases of the lungs, or by
diffuse signs characteristic of acute asthmatic bronchitis, which occasionally
dominated the clinical picture at first. In some cases of the latter type, the
true nature of the disease was not suspected until more characteristic symp-
toms appeared.

Alopecia, which was noted by Hunt'* in several of a series of 18
patients who contracted the disease on the adjacent island of Samar, was
not seen in this series. Lesions of the skin in which ova of S. japonicum
were demonstrated (fig. 35) were reported in one case of the disease among
American troops on Leyte.'

1 Hunt, A. R.: Schistosomiasis in Naval Personnel, a Report of 16 Cases. U.S. Nav. M. Bull. 45:
407—419, September 1945,

15 Fishbon, H. M.: Case in Which Eggs of Schistosoma japonicum Were Demonstrated in Multiple
Lesions., Am, J. Trop. Med. 26: 319-326, May 1946.
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Mild cases.—The symptoms and physical findings in this form of the
disease were often minimal. In many cases, patients complained toward
evening of occasional cough, slight feverishness, malaise, headache, fatig-
ability, and anorexia. Occasionally, they had mild discomfort in the upper
quadrants of the abdomen, transitory scattered aches and pains, and at
times they complained of a “crick’” in the neck. They did not seek medical

FIGURE 35.—Schistosome dermatitis—papular eruption on
back.

attention for days or even weeks, but attributed their symptoms merely to
the unaccustomed tropical environment. When a patient reported to sick
call in the morning, as a rule his temperature was normal and he felt well,
so that the infection was easily overlooked. In fact, such vague and variable
symptoms led to the diagnosis of psychoneurosis in several patients before
schistosomiasis was discovered.

Physical examination in many cases of this type revealed loss of weight,
enlargement of the posterior cervical lymph nodes, tenderness in the
epigastrium and right upper quadrant of the abdomen, and a slightly en-
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larged liver. The spleen was seldom palpable. Figure 36 illustrates such a
mild case with a short episode of low grade fever and minimal abnormal
physical findings.

Severe cases.—In 21 of the series of 337 patients, the symptoms and
the clinical course were sufficiently severe to justify this classification.
Figure 37 illustrates the clinical course of the disease in one patient of this
group. The patients were often prostrated and semicomatose; the tempera-
ture was high and spiking; and the headaches, generalized aches and
pains, cough, and anorexia were severe. Enlargement and tenderness of the
liver were more pronounced, and the spleen was uniformly enlarged. In a
few patients in this series, mild anemia was observed. Several in the group
of severe cases had neurologic manifestations which are described later
(p. 108).

Asymptomatic cases.—In 25 patients of the 337 studied, the disease
developed without symptoms; no such cases were included among the 75
studied in detail. Schistosomiasis was suspected in this group because of
known exposure to infested water or because of the discovery of eosinophilia,
either during a routine survey of military units in which other members
were known to have schistosomiasis or during hospitalization for another
disease. The incidence of this type of the disease among troops who were
stationed in endemic areas was impossible to estimate and could only be
determined by extensive surveys of such units.

Physical Findings

Table 14 presents a list of the most frequent physical findings in the
75 cases of acute schistosomiasis japonica studied in detail. The discussion
will be limited to the patients with schistosomiasis of moderate severity.
These patients usually appeared thin, the degree depending, however, on
the duration of symptoms. They were sallow and appeared chronically
rather than acutely ill. In the absence of urticaria, the skin was normal.
Enlargement of the posterior cervical lymph nodes, and less often a mild gen-
eral enlargement of all the lymph nodes, was found. The mucous membranes
in some patients were pale. The eyes, ears, nose, mouth, and throat were
normal. Since cough was a frequent complaint, one might have expected
changes in the lungs, but in most patients abnormal pulmonary signs were
not elicited. Only five patients in this series had objective pulmonary
changes. These were seen in roentgenograms as scattered areas of infiltra-
tion and patchy consolidation at the base of one or the other lung. In most
instances, the abnormal findings disappeared after 1 or 2 weeks. In one
severe case observed on Leyte, typical miliary seeding (pseudotubercles)
of the lungs was demonstrated roentgenographically.

The heart and blood pressure were normal; the pulse varied directly
with the temperature. The abdomen was usually flat but occasionally some-
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TABLE 14.—Incidence of important physical findings in 75 patients with acute schistosomiasis

japonica
Patients affected
Physical findings
Number Percent
Enlargement or tenderness of liver_ ___ .-~ 69 92
Tenderness of epigastric region_ _ ... oo 63 84
Enlargement of spleen______ ..o 51 67
Enlargement of posterior cervical lymph nodes. ... 27 36
General enlargement of lymph nodes_ _ . ________ .- 25 33
Objective pulmonary changes_ - i oo 5 6
Objective neurologic changes ..o 3 4

what distended. There was often mild generalized tenderness, usually lim-
ited to the upper quadrants of the abdomen and especially to the midepi-
gastrium where tenderness to palpation and percussion was sometimes
exquisite. The liver was tender and palpably enlarged in 92 percent of the
75 patients. It extended as much as 5 cm. below the costal margin in some
instances, but in many patients the enlargement was demonstrable only
as a widening of the area of dullness. Even in these patients, there was
tenderness to deep palpation below the right costal margin and to percussion
over the lower costal area. The spleen was enlarged 67 percent. It oc-
casionally extended as much as 4 cm. below the costal margin, but in many
instances enlargement was indicated only by increased dullness over the
splenic area. The spleen was slightly or not at all tender. Although testicular
pain was complained of by several patients, the genitalia appeared normal.

Sigmoidoscopic Examination

The important sigmoidoscopic studies by Johnson and Berry ' of
patients with acute schistosomiasis japonica are a significant contribution to
observation of the disease. They examined the lower part of the large in-
testine of 63 patients. The following excerpt from their report describes
their findings:

* % * characteristic multiple, firm, yellow nodules, 1 to 3 mm. in diameter, occurring in
clusters of from 3 to 25 were seen beneath the mucosa. They were most abundant at the
rectosigmoid junction, but were also present above in the lower sigmoid. In many cases
the nodules were found 4 to 5 em. below the rectosigmoid junction. There was no ulceration,
and definite relationship to the visible blood vessels was not apparent. The mucosa showed
no inflammatory or vascular changes. On biopsy of these lesions many ova were present in
the tissue removed. All were beneath the mucosa. Some were not as mature as the ova seen
in stool examination but could be identified easily.

16 See footnote 12 (2), p. 98,
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Following these observations, the examination of the lower part of the
large intestine by means of a sigmoidoscope became a routine procedure
in all hospitals caring for patients with schistosomiasis japonica and in the
tropical disease centers in the United States. This examination was espe-
cially valuable as an aid to definite diagnosis of the disease in cases in
which difficulty was encountered in finding ova in the stools. It was also
particularly helpful as an aid to determining whether treatment of the
disease had been effective. The appearance of characteristic nodules in the
intestinal mucosa after a course of treatment was completed was highly
suggestive of the persistence of live worms in the portal system. A biopsy
of such a nodule in which ova with live miracidia could be demonstrated
furnished proof that a cure had not been obtained, and further treatment
was instituted.

Later observations enlarged on the findings of Johnson and Berry.
At the 118th General Hospital, small ulcerations were demonstrated,
scrapings of which yielded ova. At Harmon General Hospital, 300 patients
were examined by proctoscope.’™ In only three were lesions demonstrated.
These were described as “single, flat, oval, moderately indurated granu-
lomata, 0.5 to 2.0 cm. in their longest diameter. These were 7, 10, and 15 em.,
respectively, from the anus. They were well demarcated and the low grade
inflammatory appearance did not extend to the surrounding normal
mucosa.” These lesions were described as bleeding easily with the traumata
of the proctoscope, and ova were demonstrated in biopsies of them. In 46
sigmoidoscopic examinations at Moore General Hospital,'8 38 patients were
found ‘“‘abnormal,” but only 1 had a polyp and 1 a small nodule, both con-
taining ova of S. japonicum.

Neurologic Manifestations

During the period from the invasion of Leyte on 20 October 1944 to
March 1946, groups of U.S. Army medical officers reported 33 new cases
of schistosomiasis japonica of the central nervous system among Americans
who were on that island.' These and other cases are fully summarized in a
review of a large number of patients with neurologic signs and symptoms
by Kane and Most.?® It is possible that other cases of this type appeared

1 Mason, P. K., Daniels, W. B., Paddock, F. K., and Gordon, H. H.: Schistosomiasis Japonica; Diagnosis
and Treatment in American Soldiers. New England J. Med. 235: 179-182, 8 Aug. 1946.

% Most, H., Kane, C. A., Lavietes, P. H., Schroeder, E. F., Behm, A., Blum, L., Katzin, B., and
Hayman, J. M., Jr.: Schistosomiasis Japonica in American Military Personnel: Clinical Studies of 600 Cases
During the First Year After Infection., Am. J. Trop. Med. 30: 239—299, March 1950,

1 (1) See footnote 11, p. 97, and footnote 12 (1), p. 98. (2) Tillman, A. J. B.: Cerebral Manifestations of
Schistosomiasis Japonica. Bull. U.S. Army M. Dept. 4: 492, November 1945. (3) Carroll, D. G.: Cerebral
Involvement in Schistosomiasis Japonica. Bull. Johns Hopkins Hosp. 78: 219-284, April 1946. (4) Cutler,
J. G.: Schistosomiasis of the Central Nervous System. J. Nerv, & Ment. Dis. 104: 425—431, October 1945,
(3) Watson, C. W., Murphy, F., and Little, S. C.: Schistosomiasis of the Brain Due to Schistosoma japoni-
cum; Report of Case. Arch. Neurol. & Psychiat. 57: 199-210, February 1947.

2 Kane, C. A., and Most, H.: Schistosomiasis of the Central Nervous System; Experiences in World
War II and Review of the Literature. Arch. Neurol, & Psychiat. 59: 141-183, February 1948.
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from time to time as later manifestations of the disease, but certainly they
were few, and it may be said that, among almost 1,300 cases of the disease
diagnosed, neurologic involvement occurred in approximately 2.5 percent.

Nevertheless, further details and observations relating to the neuro-
logic picture associated with schistosomiasis japonica as it appeared among
American troops seem worthy of consideration and discussion. Data from
the review of this subject by Kane and Most and from the studies of Billings
and his associates have been drawn upon heavily in the preparation of this
discussion and description.

Previous workers have well established the fact that the neurologic
manifestations are probably due to the presence of ova of S. japonicum in
the substance of the central nervous system.2! No new light has been thrown
on the subject of how these ova arrive there. Although Shimidzu refers to
the fact that a second Japanese investigator, Fujinami, found worms in the
cerebral veins of monkeys exposed to a very heavy concentration of cer-
cariae, no reports have been found in which worms have been observed in
operative or autopsy material from human brains. This does not preclude
the possibility that adult forms may be present in cerebral blood vessels at
some distance from the main pathological process incited by the ova. Al-
though some ova may filter through the liver-lung barrier from the portal
system and reach the central nervous system, it is difficult to explain the
occurrence of “nests” of eggs within the brain by the deposition of eggs
in areas other than the cerebral veins. It should be emphasized that the dis-
covery of adult worms in thrombosed veins at post mortem is difficult if the
veins are full of blood.

Many of the gross and microscopic findings from localization of these
ova in the central nervous system had been described before the experience
with the disease in American troops in World War II. Suffice it to say that
the ova have now been demonstrated in practically all areas of the brain
but seem to have been found in greater abundance in the pia-arachnoid, the
cortex, the subcortex, the basal ganglia, the internal capsules, and the
chorioid plexuses of the lateral ventricles.

With such a wide distribution of the ova, it is not surprising that, when
the central nervous system is involved, the neurologic symptoms and other
manifestations are protean.

Clinically, a striking feature of the complication is the suddenness of
the onset regardless of whether the neurologic signs and symptoms occur
in association with the first acute stage of the disease or as a later manifesta-
tion. Kane and Most, analyzing 18 neurologic cases, found that the average
interval from the time of first potential exposure to the onset of neurologic
manifestations was 14 weeks with a range of from 6 to 36 weeks. The
average interval from the time of appearance of the first recognized general

21 (1) See footnote 1(1), p. 91. (2) Shimidzu, K.: Ein Operationsfall von Schistosomiasis cerebi. Arch.
f. klin, Chir. 182: 401-407, 1935,
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systemic symptoms to the occurrence of signs and symptoms referable to
the central nervous system was 5.3 weeks with a range of from 3 days to
24 weeks. The neurologic manifestations were the presenting features of
the disease in two of their cases.

The intervals from first exposure to manifest involvement of the central
nervous system were as follows:

Time interval (weeks):
Number of cases
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It is thus apparent that neurologic complications of schistosomiasis may
appear as late as 6 months after exposure to the disease, and there is no
reason to believe that they may not appear even later, depending on the
location of the ova in the brain, the number present, and the rate of develop-
ment and repression of the inflammatory process.

In addition to the usual indications of infection with S. japonicum,
patients with involvement of the nervous system may exhibit a variety of
other symptoms. Kane and Most tabulated the significant symptoms oc-
curring in their cases of neurologic schistosomiasis (table 15) and discuss
the significance of the most outstanding. Although headache was experi-
enced by all the patients on whom they report, they found that for the most
part it was either transitory or intermittent in character and of little value
in localizing the lesion. In a few of their patients, it was a severe and per-
sistent complaint, and, in three out of four patients on whom an operation
was eventually performed for a brain lesion the headache was located over
the area where the pathological process was found.

There were disturbances of the sensorium at some time during the
course of illness in all of the 18 patients. This varied from momentary
periods of confusion resembling petit mal attacks to prolonged periods of
unconsciousness lasting hours, especially in those with convulsive seizures.
Disorientation and confusion was a striking feature and in six patients
lasted as long as 2 weeks. Many of this group of patients were listless and
apathetic for several weeks but four showed marked restlessness, at times
bordering mania. Of the four patients operated upon, all experienced con-
vulsions of one type or another with coma lasting up to 12 hours. All types
of seizures were noted—sensory, motor (Jacksonian, tonic-clonic, adversive,
atypical), and psychomotor—and these were associated with a variety of
transient sequelae—motor aphasia, cranial nerve and visual field defects,
alexia, micropsia, plus pyramidal tract defects usually consisting of hemi-
paresis or hemiplegia,
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TABLE 15.—Incidence of symptoms in 18 patients with schistosomiasis japonica, involving the
central nervous system

Patients affected
Symptoms
Number Percent
Headache.. . __ __ . 18 100
Disturbance of sensorium _ ____________ . ______________________ 18 100
Weakness of extremities_ . _ _____ . ______.__ 18 100
Incontinence . _ . _ . 10 55
Visual disturbance_ _ ___ ____ . 10 55
Speech disturbance_ ___ .. 10 55
Apraxia_ . 9 50
Ataxia_ o 7 38
Sensory disturbance____ _______________ . __ o _____. 4 22
Tinnitus. _ 3 17
Vertigo . 2 11
Deafness_ . 1 5

Visual disturbances were found in 10 of the 18 patients. These dis-
turbances represented cortical involvement of the higher centers of sight,
and visual field defects were noted in a few patients who were found at
operation to have granulomatous tumors.

Disturbance of the higher speech centers was noted in 10 of the 18
patients. These were usually transitory in nature and varied from slight
inability to use the right words or slurring to true motor aphasia.

Weakness in one or more extremity was observed in all 18 patients.
The onset of this phenomenon was usually sudden, and the type of paralysis
consisted in the different cases of hemiplegia, quadraplegia, hemiparesis, or
paralysis of one extremity. In some patients, the paralysis was flaccid; in
others, spastic; and, in one, it was mixed, the patient having spastic paraly-
sis of the upper extremities and flaccid paralysis of the lower extremities.

Kane and Most conclude on the basis of the neurologic findings that
in practically all their cases there was diffuse encephalitis and involvement
of the pyramidal tracts. In several of them, the nuclei of some of the eranial
nerves seemed to be involved, and in others there appeared to be changes in
the cerebellum. In those patients on whom operations for brain tumor were
performed, lesions were chiefly found in the left parietotemporal or occipital
lobes.

LABORATORY FINDINGS

Stool Examinations

Final diagnosis of schistosomiasis japonica depended on the demonstra-
tion of the characteristic ova of the parasite either in the stools or in the
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tissues of the patient. In the great majority of cases seen during the out-
break among American troops on Leyte, ova were found in the stools
before a diagnosis was definitely made and treatment begun. It was the
general policy both overseas and in the hospitals in the United States to
withhold treatment until ova had been demonstrated, except in severe cases
requiring immediate treatment. This was considered a sound policy because
other parasitic infections were extremely prevalent, and sometimes mi-
micked acute schistosomiasis. It was thought that in almost every case of
schistosomiasis, ova could be demonstrated if enough stools were examined
by trained personnel and if routine proctoscopic examinations were made.

The following difficulties were, however, encountered in the demon-
stration of ova, especially during earlier days of the outbreak:

1. In many cases, especially the mild ones, ova were present in the
stool in relatively few numbers. However, in some mild cases, ova were
demonstrated in the first stool examined, while in occasional severe cases
as many as 15 to 20 stool specimens were examined before ova were found.

2. Many laboratory officers were not familiar with the appearance of
the ova of S. japonicum in all its stages of development, and confusion arose
between identification of vegetable cells and maturing and degenerating
ova. Vogel > had described the ova of S. japonicum in all stages. In addi-
tion, a manual based on a series of studies in locally infected dogs was
written and illustrated by Lt. N. G. Hairston, reproduced locally, and
distributed by the Office of the Surgeon, USAFFE. These publications were
of great assistance in the training of laboratory officers. Where immature
ova were present in a stool, mature ova could also be found, and it was
safer and less likely to be confusing to base a definite diagnosis of the
disease on mature ova containing miracidia.

3. The technique used to find ova in stools was tedious and necessitated
painstaking and thorough adherence to procedure. Many laboratory officers
were not familiar with the best technique, and faced with hundreds of
suspected cases the problem of careful stool examinations on all of them
was in many instances overwhelming. Varied techniques were employed
reflecting the diversity of training and differences of opinion among labora-
tory officers as to the most efficient method.

It soon became clear that, in addition to the direct examination of any
bloody mucous that might be present in the stool, some method of concen-
trating the eggs from a larger portion of the stool was worthwhile, and a
number of techniques were compared. A method originally described by
Hunninen 2 was frequently used. Baroody and Most 2* at the Moore General
Hospital concluded that among a variety of techniques, including acid ether,

%2 Vogel, H.: Ueber Entwicklung, Lebensdauer und Tod der Eier von Bilharzia japonica im Wirtsgewebe,
Deutsche tropenmed. Ztschr. 46: 57—-69, 1 Feb. 1942; 81-89, 15 Feb. 1942.

23 See footnote 11, p. 97.

2¢ Baroody, B. J., and Most, H.: Relative Efficiency of Water Centrifugal Sedimentation and Other

Methods of Stool Examination for Diagnosis of Schistosomiasis Japonica. J. Lab. & Clin. Med. 31: 815-823,
July 1946,
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zine sulphate, brine flotation, and niter centrifugal sedimentation, the last
was the best. It has the advantage of simplicity for field usage. However, in
general diagnostic laboratories, other techniques have subsequently replaced
it, and for the relative advantages of each the standard texts such as the
“Clinical Parasitology” by Craig and Faust may be consulted.

Hematological Findings

Leukocytes and eosinophils.—It had been known for some time that
leukocytosis and eosinophilia are characteristic of acute schistosomiasis
japonica. This was confirmed in the clinical studies of the disease as it
occurred among American troops.

In addition, it was found that there was a tendency for the counts to
rise as the acute phase of the disease progressed. There appeared to be no
constantly direct relationship between the degree of leukocytosis and eosino-
philia and the severity of symptoms; rather the counts often fluctuated
irregularly from day to day and from week to week. Many mild or asympto-
matic cases were found to have leukocytes and eosinophils that remained
within normal numerical limits throughout observation of the acute phase.

As intensive treatment was instituted and the acute phase subsided,
there was definite evidence that the number of leukocytes and eosinophils
declined. At both Moore ?* and Harmon 2¢ General Hospitals, it was ob-
served that, in the later stages of the disease, the degree of leukocytosis and
eosinophilia could in general be used as an indication of whether treatment
had been successful. Occasional eosinophilia could not be taken to mean
failure of treatment, but persistent eosinophilia was a useful warning indi-
cating that repeated careful search of the stools might reveal the ova of
S. japonicum. In the final analysis, however, the presence or absence of ova
in the stool was the only reliable criterion for evaluation of treatment.

Erythrocytes.—Mild anemia occurred rarely in the acute cases of
schistosomiasis japonica seen among American troops. By the time these
soldiers reached hospitals in the Zone of Interior, the erythrocytes were
normal in number,

Roentgenographic Findings

Significant findings by roentgenogram were limited to the chest. In
clinical reports #* dealing with the acute phase of the disease, it was men-
tioned that signs of scattered pulmonary infiltrations were demonstrable
at the time of physical examination. Abnormalities were visible in roent-

25 See footnote 18, p. 108.

2 (1) Mason, P. K., Daniels, W. B., Paddock, F. XK., and Gordon, H. H.: Latent Phases of Asiatic
Schistosomiasis. Arch. Int. Med. 78: 662-678, December 1946, (2) See footnote 17, p. 108.

27 See footnote 12(2) and (8), p. 98, and footnote 22, p. 112,
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genograms of the lungs 28 and occurred five times in 75 cases analyzed in
detail by Billings and his associates. For the most part, these abnormal find-
ings were present for only a short time, a matter of 1 or 2 weeks, and only
in the severe or moderately severe cases.

Tests of Liver Function

Since many of the eggs of S. japonicum are scattered into the liver
after they have been deposited in the small vessels of the portal system, it
would have been of interest to know the effect of this seeding upon that
organ. Unfortunately, however, no studies were reported relating to hepatic
function in the acute phase of the disease. On the other hand, Lippincott and
his associates,? at Harmon General Hospital, studied the hepatic function
of patients with schistosomiasis japonica who had been evacuated to the
United States after the acute phase. In this study, they used several tests
including determinations of Bromsulphalein (sulfobromophthalein) reten-
tion, galactose tolerance, hippuric acid excretion, icterus index, serum bili-
rubin, formol-gel reaction, and urinary urobilinogen in serial dilutions.
They found that diminution of hepatic function was minimal and were
inclined to attribute the abnormal findings to the antimony used in treat-
ment.

Spinal Fluid Examinations

Lumbar punctures and examinations of the spinal fluid were carried
out only in those cases in which the central nervous system was apparently
damaged. In the acute stage overseas, abnormal findings were limited to an
increased cellular content of the fluid in a few cases. In by far the greatest
number of examinations, the spinal fluid was normal. The amounts of
globulin and protein and the patterns of colloidal gold curves were not
reported. There was an increase in the protein and globulin content of the
spinal fluid in a few of the neurologic cases studied in the United States,
and a midzonal type of reaction to colloidal gold was observed in a very few
cases.?0

PICTURE OF THE DISEASE IN PATIENTS EVACUATED
TO ZONE OF INTERIOR

Following diagnosis and preliminary treatment in oversea hospitals,
patients with schistosomiasis japonica were evacuated to the Zone of In-

28 Weinberg, H. B., and Tillinghast, A. J.: Pulmonary Manifestations of Schistosomiasis Caused by
Schistosoma japonicum. Am. J. Trop. Med. 26: 801-809, November 1946.

2 [ippincott, S. W., Paddock, F. K., Rhees, M. C., Hesselbrok, W. B., and Ellerbrook, L. D.: Tests of
Liver Function in Schistosomiasis Japonica, With Particular Reference to Antimony Treatment and With
Report of 2 Autopsies. Arch. Int. Med. 79: 62-76, January 1947,

3 See footnote 21 (2), p. 109,
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terior. On reaching the United States, they were sent to one or the other
of two centers for the study of tropical diseases in the Army, Moore General
Hospital or Harmon General Hospital. Each hospital received approxi-
mately 600-650 patients with this diagnosis. Three very complete reports of
the disease as observed following the acute stage, in the so-called latent
stage, at these hospitals were prepared for publication by Most and his asso-
ciates (p. 108) and by Mason and his associates (pp. 108 and 113). From
Harmon General Hospital, a thorough evaluation of the clinical status at the
time of initial examination and during followup of 300 patients 3! diagnosed
and treated overseas was reported. These patients appear to be a represent-
ative cross section of all those received at the two tropical disease centers,
although it should be noted that they were probably as a group more se-
verely infected than those patients received from overseas at a later date,
who not only had less severe acute manifestations of the disease but had
been treated more extensively before evacuation to the Zone of Interior.
Suffice it to say that these 300 patients received at Harmon General Hospi-
tal were in strikingly good physical condition. None were acutely ill, al-
though 255 (85 percent) had a combination of residual complaints of rela-
tively mild degree, such as abdominal discomfort (155), weakness (75), and
headache, myalgia, and nervousness (186); positive stools were obtained
in 76 (30 percent) of the 255 patients. Of 46 (15 percent) patients with no
complaints, positive stools were obtained in 17 (38 percent). The liver and
spleen were palpable in 32 and 4 patients, respectively. All patients had lost
weight. The general condition of the 300 patients was such that for only 6
did furlough have to be delayed beyond the initial 2-week period of evalua-
tion. All of these had neurologic complications.

The abdominal complaints present in 155 of the 300 soldiers were lim-
ited to the upper quadrants of the abdomen and varied from an indefinite
awareness of soreness to intermittent mild to moderate cramping pain in
the region of either the epigastrium or the liver.

It is interesting to note, in the same report from Harmon General
Hospital, the observation that, although moderate and marked leukocytosis
was a common feature of the acute phase of the disease, in the latent phase
after evacuation to the Zone of Interior positive stools were no more common
in those with leukocytosis than in those with normal numbers of white blood
cells. Marked eosinophilia was also more characteristic of the acute than of
the latent phase, although there seemed to be some correlation between the
level of the eosinophilia and the likelihood of finding ova in the stool.

Proctoscopic examinations of these 300 patients resulted in the demon-
stration of lesions due to schistosomiasis in only 3. This is in striking con-
trast to the high incidence of lesions of the lower bowel in the acute phase.

Involvement of the central nervous system was manifested as often in
the latent phase seen in the Zone of Interior as in the acute phase of the

31 See footnote 26 (1), p. 113,
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disease observed overseas. This may be accounted for by the fact that very
few of the neurologic complications cleared up before evacuation to the
United States, and in addition several cases were reported in which signs
referable to the central nervous system developed as a late manifestation
(p. 110). The general prognosis for patients with schistosomiasis japonica
of the central nervous system does not seem to be favorable as far as-com-
plete recovery is concerned, though marked improvement of function has

been observed in most cases.

TREATMENT AND RESULTS

Methods

Before experience with schistosomiasis japonica in American troops,
no opportunity had presented itself to study various methods of treatment
of this disease in large numbers of acutely infected individuals. Observa-
tions had for the most part been limited to patients chronically infected and
reinfected, living in endemic areas where adequate followup studies yere
impossible, and one could not be sure of the duration of the disease before
treatment nor of the amount of reinfection occurring during and after
treatment. In a few isolated instances where small numbers of individuals
were infected by brief exposure to infested water, adequate followup studies
on the efficacy of the treatment employed were not reported. The epidemic
of schistosomiasis on Leyte brought the Army Medical Department face to
face with the challenging problem of determining what the best method of
treatment was. If the known methods of therapy were not effective, new
ones would have to be evolved.

The drugs accepted as most useful in treating this infection before
World War II were the trivalent antimony compounds, Fuadin (stibophen)
and tartar emetic, which contain 13.6 percent and 36 percent antimony,
respectively. Emetine and Anthiomaline (lithium antimony and thiomalate)
were quickly shown to be ineffective. The data to be presented deal with
the use of Fuadin and tartar emetic.

Before the epidemic on Leyte, little was known by the Army Medical
Corps about the toxicity to man of large amounts of trivalent antimony or
about its parasiticidal properties against S. japonicum. It was used carefully
and, as it turned out later, too sparingly in the beginning. No complete
studies are available regarding the results of treatment overseas, for the
most part with amounts of antimony now known to be much less than ade-
quate for a complete cure. 1t is significant, however, that of 300 patients
diagnosed as being infected with S. japonicum in oversea hospitals, in the
large majority on the basis of positive stool examinations, only 31 percent
were found to have positive stools on arrival at Harmon General Hospital.
At Moore General Hospital, closer to 45 percent of such patients had stools
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positive for the ova. All of these patients had been treated overseas, and it
is safe to say that, inadequate as their treatment now seems, it must have
been effective in some instances. Table 16 presents a summary of most of
the treatment schedules used, especially in the United States, with results
of treatment.

TABLE 16.—Trealment schedule and results of treatment of patients infected with S. japonicum,
using increasing amounts of trivalent antimony compounds

Trivalent antimony Treatment failures
compound
Treat- Number
ment Gram of | of patients
sched- Fuadin Tartar antimony treated Where treated
ule ! (6.4 per- emetic Number Percent
cent (0.5 per-
solution) cent
solution)
Ce. Ce.
1 40 | ___ .. 0.35 165 255 33 | Overseas.
2 65 |___ . ___ .57 44 38 85 | Harmon General Hospital.
3 65 |________ .57 15 15 100 | Harmon General Hospital
followed at Moore
General Hospital.
4 70 |o_______ .61 44 34 77 | Moore General Hospital,
5 100 - _______ .87 32 8 32 Do.
6 105 | ______ .91 15 6 40 | Harmon General Hospital
followed at Moore
General Hospital.
T o . 290 .52 51 26 51 | Moore General Hospital.
8 |______._ 320 .58 59 11 19 | Harmon General Hospital.
9 ... 320 .58 18 10 55 | Harmon General Hospital
followed at Moore
General Hospital.
10 | ____._ 360 .65 100 20 20 | Moore General Hospital.
) N I 416 .T5 44 3 7 Do.
12 ... ‘ 416 5 . 41 7 17 | Harmon General Hospital
Ii followed at Moore
i ‘\ General Hospital.

1 See text (p. 118) for discussion.
2 Only observed from 4 to 28 weeks after treatment.

Winkenwerder and his associates,* while still on Leyte, reported re-
sults of treatment of 184 patients with comparatively small amounts of
Fuadin. These results are not conclusive because the followup period was
not long enough, but the data serve to emphasize that this method of treat-
ment in the early days of the epidemic was not effective. One-third of the
patients suffered a relapse before evacuation to the United States inter-
rupted observations. These unsatisfactory results with the doses of trivalent

2 Winkenwerder, W, L., Hunninen, A. V., Harrison, T., Billings, F. T., Carroll, D. G., and Maicr, J.:
Studies on Schistosomiasis Japonica; Analysis of 364 Cases of Acute Schistosomiasis With Report of
Results of Treatment With Fuadin in 184 Cases. Bull. Johns Hopkins Hosp., 79: 406—485, December 1946,
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antimony recommended in the early days of the epidemic were confirmed
at the Army tropical disease centers. A final report on 72 cases treated with
tartar emetic was published by Carroll and Hunninen.*

1t soon became apparent that if the trivalent antimony compounds
. were to be effective at all, they would have to be given in larger doses.
Consequently, several methods of treatment were used, employing one or
the other of the two drugs, Fuadin and tartar emetic, and gradually in-
creasing the amounts administered to each patient as more and more was
learned of the individual’s tolerance to the drug and the parasite’s re-
sistance to its effects.

The following were treatment schedules used (see table 16) :

1. Fuadin (6.4 percent solution) intramuscular injections on alternate
days of 1.5 and 3.5 cc., then 5.0 cc. for 7 doses to a total of 40 cc. in 17 days.

2 and 3. Fuadin (6.4 percent solution) intramuscular injections on
successive days of 1.5, 3.5, 5.0, 5.0, and 5.0 cc., then on alternate days 5.0 cc.
for 9 doses to a total of 65 cc. in 23 days.

4. Fuadin (6.4 percent solution) intramuscular injections on 3 suc-
cessive days of 1.5, 3.5, and 5.0 cc., then on alternate days 5.0 cc. for 12
doses to a total of 70 cc. in 27 days.

5. Fuadin (6.4 percent solution) daily intramuscular injections of 2,
4, 6 cc., then 8 cc. for 11 doses to a total of 100 cc. in 14 days.

6. Fuadin (6.4 percent solution) intramuscular injections on alternate
days of 5.0 cc. to a total of 105 cc.

7. Tartar emetic (0.5 percent solution) intravenous injections on
alternate days of 5, 10, and 15 cc., then 20 cc. for 13 doses to a total of
290 cc. in 31 days.

8 and 9. Tartar emetic (0.5 percent solution) intravenous injections
on alternate days of 8, 12, 16, and 20 cc., then 24 cc. for 11 doses to a total
of 320 cc. in 29 days.

10. Tartar emetic (0.5 percent solution) intravenous injections on
alternate days of 10 and 20 cc., then 30 cc. for 11 doses to a total of 360
cc. in 25 days.

11 and 12. Tartar emetic (0.5 percent solution) intravenous injections
on alternate days of 8, 12, 16, 20, and 24 cc., then 28 cc. for 12 doses to a
total of 416 cc. in 33 days.

Some interesting considerations as to the results of treatment are
suggested by table 17. In the first place, as has been indicated, the observa-
tions on patients treated by the first method were terminated too soon by
evacuation to the United States, and more than 33 percent undoubtedly
relapsed. This conclusion is based on the fact that a much higher percentage
of patients relapsed at the tropical disease centers even though they re-
ceived 65-70 cc. of Fuadin.

3 Carroll, D. G., and Hunninen, A. V.: Studies on Schistosomiasis Japoniea in Philippine Islands;
Clinical Study of 72 Cases Treated With Tartar Emetic. Bull. Johns Hopkins Hosp. 82: 366-372, March 1948,
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In the second place, it can be definitely stated that tartar emetic is a
more effective drug in the treatment of schistosomiasis japonica than is
Fuadin under the conditions described here. This conclusion is based on the
fact that, by methods 2 and 3 and 8 and 9, approximately the same amount
of antimony is administered to the patients yet a higher percentage suffered
a relapse in the group receiving Fuadin than in the group taking tartar
emetic. There is some discrepancy in the results of treatment by methods
8 and 9, although these methods are identical. This may be accounted for
by the fact that the patients under method 8 were treated and followed at
Harmon General Hospital, while those under method 9 were treated at
Harmon General Hospital and followed at Moore General Hospital. All
stools at Moore General Hospital were examined by the concentration
method, whereas many at Harmon General Hospital were examined by
direct smear alone.

Thirdly, it is of great interest to note that the most effective schedule
of treatment was the one that employed the largest amounts of tartar
emetic; 